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A ils ajc. IS 4iV Cjlc-IjiiVl ^Kc-i AjA> jVi (."tlt£ Ijj 
(jjjL-S 1 1^ la aLLa <iUa aJj3j ajill l iLSfl tc-jLVlj 

.lIux-vII ^1*JI £ljj\j IjjL L.i>. ‘1942 

— A nil! ^Aj Aj\-vli L_iUiuSl (j^a Ajlaj1u)I Laj *^_^wall (jl La£ 

Ui) j Ac ^-)l tJ} ^jjSB *aL^S/ 1 l$Aa <— iltu ^j]) a^.^11 J 

A. A 1.1 a>3 q\ — uijyi ^ — il S jL^ a jlS 4 (Schwann jUAj Schleiden 

.AjiaJI |>U.u-vV 1 _)jLuJj 

jjJ 3 i ^UajJlj l^jlj j jp£Ji j o_pl! l** ^ i A I5j j 

jj_£j La A_uil tui fttja&h Ar.j (Sl^j (jx ALa L_l£jpu Laj A_j1a.1 I 

l .{j — .11 ji ij}y mSjS/l (j^aaLkJl U-iUijSl (J A_j 

Watson (jj — j • ^^Ic tlilL^,l^jj La£ jj j !il£A s(D.N.A) 

V^jUia^Jl aLuLuj AiLk V) *1953 ^LJI *tih^£j 

( J 1 c. *Aj1j_j 1) ^alc tllli A§-* t joi.S/1 I el.^cyi 1 3 a (J tiLi V j 

Idjli^ 5uj iLj! AaLola ^^ic V *Ai-uil j 

<■ **> 1 *1J> ^ (_s^ Cr f-Lalxll t_i tl .jj . J _JI jl J;U^ 

4— i \ a jI^aII Jfc (jC (JjjjjiaJI ^A (j] 1 J '. fljl £ya j tlga-a t_i£jpJ ^^11 

. Jli2kVl y£* Aulj_jll {j^ajU^aa. 31 j 

> 

* > j y 1 .ViC (_ 'all AjUII (j-a t_i^U _jA_j 1 ^ e. j)_a-«^ ^ ^ <.** j 1_ji«w 1 1 

# 

cr* La - ft-isJ jll AjliJi CjUjJjajjSJI ^ U.j j 23 ^ Ac jy, 
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UJ^. 


IJ j-il aj 4 ^ j — Genome ^ jiijl J JjJl ^alDU 

.LuiVl^kl^ Lcl^jjl j 

t "* ^ 

/ 

j — 6 4— C~ 0 « “ (-£ J_>^ Q^Jyx (jli I^£a j 

e.lja\i j a A^C> (JA a Ifl JA (J4^ J£ L J 1 J ~ 4 ifr-v -al l (.** '1 n-s. 1 1 

jj-ij — £ J CjUDI j JS*i Jc. tNucleotides (cJaiJI) CjIauJI J AjjjJI 

•u^*-* l£ tCodons 

(jlal A%Vl j J AjjjJl (JjloIuU jlj JjaUj j] ^C-Lu tdljAj 

j k\\ idb ji «i u,yL i’ViaSj^jt J cjUhJI j*& J je, 

UaJI CjUlkU Lkoai Ia _jijL*J AjsI ja 

Jail (jj > all iAjljJI Jc. j* AjjljJI a1^_)aD jJj 

t v s. j — t.** J*ij«vtl aIjjujI *lpiU Ajil^JI (JLal J ja.aH j dila^alt AaJl*^]l 

t-J JaJI (j— « L-A jjc-j jiJ JI^jlLlIj a JC> CjUlix JUwJ c Jxj 

j ^v i jaj ja j jiiii .Ac. i jJ lSX lit je. * jasa *id 4 alui 

ilj—uasw jl frJ j t4 JjHiaII lllUwilU ^LaJJ j! jai lilbj — £j1 jilt j 

— J" y ~ > ‘ v ^ ^ Jiu Jj±uj JjC ijjjjuavll JlaJ Ja IS^Uajt oAp2k. ^-LuiUualj 

Cj! jj J Jl Sljlj 4."* al . , -irjl j IjJl i U 

S Jjt, t’tH £-1 jyjlai JjUjj J} tliijsu iAjjliJI CiALuliVl eljul iAajI^JI 
.^UaILaVI t*! AjIaC. J Ju^ftjj 4 Ajujl_p JJ Cu^Til j i AijljJiJilj 

JIa*j__wj1 ^ 1J 4 l_a ju£ 31 t .V , a (J i Cj-Vac ^Sa ~ V — tj^lj 

^j—uiill ^ a 1^ — lAli \ aj ^^Jl JUI 4lc jjj JsVl >.'* l >l%lV>»^iAtt 

jjjSi (jl (JUj J^^j •eljili ^3 (jA IjjjjSJ cAuiijJll jl Aj jjKjyl 

,4illj JJ Si 
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^juuaJl LLujVt j (j-olaJl 

Sex linkage 

^ 1c. j «(Jaja (jjjlil dl e I jjloiV I Aai ^ drJI JalijjVl ^UJLJ 

Aj ^ ^ ill {j^Il jj I aAIc. (iliij — 0^ 0 -4 4 ‘rt^u H 4 j! jjll 

^JdJ -4 \ AAiaua ^Llx-cal 

^jljil-aliw iAIUa jj)i\ ^ Aic-j 4 U Iwiiyi Aic. I AjA^j 5all 

1 £uU dAA Aic .SjjSaII j I(jU_)AUa ^lou/iv 

jSili £jl3j US j (macrospores <j j& IjjAj jl dldjjj J 

* .^>11 jjA—ill jl C l_ilil i - : j n t«L . j^La dljljj^ 4 jjSa11 Ij^UJI 

.(microspores 

A l^nVlA (jjSj idljUill 4 &jjWi,a\ 1 dVjljiadl .lie. j 

dil j (_£ j oj — SU jUjl dlA dljUi iAILia yl g;l .Dioiques (jjdajl 

A jjLjj (jjSj U Lllc. tljjlaj <JaVl dtjUjJl U .(<jAj]IJ Aaj^ja jUj! 

o^SaaII pUJac-Sf 1 <jlc- cWU 1 ** 1 IjUjl (Ja^j aI Smonoiques (jS-uLa]l 

lil LaJ — A . jijaII oAA iljl Jj-%J1 ^fcLwCkl (jl US .(SjAII^ Ixa j 

J 

.Hermaphroditisme AjuaJL S^Ali-dl »aa dj*jj SQ^dJl ^ UlS. 

4 j uiWll CLjIaj jjAj^)£Jl AjA*k4 « AjjuuaJl dU j^y* Aj A-sJj 

1891 ^ — c. 1 -l^V ^a11 iH. Henking ^ a S^a . — A ^AUfyl eU^SH <dlc. JJ 

dl j. iri^ll jjAixj Aic. Aj_^Loil dljljAaJI jj _$S j ^3 Ualiw Ijjjj l_iS^)A 

* 

^ IaII (. flU*-ij (X ~ ‘ A y oCojuj i iS^)a1I ),AA ^»"v — 

»AaAC» ji oA__j^ j (. Iuia 


* 
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Jjjy-S-lA J ■■ di Ai3 (_) AjxuLujS/I CjLa^lxdl Lai 

(J^ I — 3U Jc. <jjLd ^aJI iE.B. Wilson QjJLj • L r J * i - OJ^ 

Ajjulia c-UjI u L^l Aii .Protenor tdJjAmi 

0 

A 1x3 . dlLa J JJ-OJ AAe 4Ujl jjacJl oAA (_$a! idjldaJ^Slj t—j Lilli 

(Ji ts^jj .ajjU u4aJl L£liJ 14 j-ila tdAjyi Lai ‘L#jjj-ajj£ 13 jj&aII 

7 j — :*Y1 (j ^a. .x.i ] lj diU j jj-ojj^ 6 cfj^ o jliall Gametes 4 •>>« *!/! <jia * j 

1 ^ . d)La j j J - ® 7 ^^~k."i3 4 _uja 11 4 •% *i x>S/ 1 Lai .I^joiSo a^ud^JI Ale 

jj C *A1 ( CjLaj J)^aj^)£ 6 dliA 4 j^j£a L^lij 4jaiLall djLkAaJ_jlll (jl Ji^.V 

.ejllVl ^tSn ^Lajjj-ajjS 7 dJA 4^jlall j 

1 -v Lajjj-aj^£ t^ufliA 4. a i.im£1 (^aII X j!kjjLx]l (ji Ia^Aj 

£c_ajj tX j»j jj ajjSll j :d idoL-in 4 jxa1a]I d )\ .(jnW.ll Aj idL 

5 -vaUll lilii \lJ .\jU] ^li-^ajj (XX) 2X Zygotes Lasjaj 

< A__^Jj X fjjj «JjS dilA IdajJJ ^111 iX f V C - U a.1 1 

0 

. I jj!iA 0Lu£aj j 

1 j,aj j j^aj j^s 1 a (jj.nijj L-lSlj Aj AXll X Y — XX AalT 

* 

aa_x 1! tS jjiaJl oaa Ai*i - Lygaeus turcicus ^-ulaJI 4ude 4lj ale- iji I 

^»JJJ 0^ *^j ~ ^ (j* ^ djLaj jj-ajj£ll <j-a -tuial 

jj aj^£ oLft.fc.ii3 — jjSill Ale- d^jAlla OJ J I ^I t^au-al jA <X -J JiL^I 

Jj ii dm A3j .XY — j Sj£iftllj XX —J J&\ La£ - Y 

jj ftj La .(xo) c^ui f usaa j& (xx-xy) f um]i Iaa 

^L— a3j jj jAII <jIjA n>lc- Axl jAl J • dlLLilll jjJaxJj oj^latLall djUl j A-v ll 

i Y fj jj-a jjSll j - 0^7^ j3ft J ‘Drosophila melanogaster j3^lc>CUa 

4 — jej-ft^-a — idj .x fjj>— O — 4 J *-'-* 1 ‘ ^ ^ 

0 

XX djLajj^jjSll Aifclj ^Tjj \+i a tUjJ 23 
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Ifl ^ ill ovules CjI — . jSill He. XYj He. 

# . 

Jj Ailubyb t(A n.iV> jjc. CjLqjJjajjS.) autosomes 22 ^S/l 

4 uij jhJI 4-iia Spermatozoides jSill <J&u C>1 .X f 


£— *Y fjjj J X fjjj ®JJ^ 4 — ■*? jCjUjJjJjS/I 

- \ M il ^ li^taal jHu ^jII (jJhjnll (JjSf I LJUi^all (j^4 v fllVn AaaLhII 

UAlwill (JA t. flWn A-voUI l djltJaJ jjll (jc. -^CJJJ LftS 
* * 

jjK mil JJc. (. Q.^->1 AjI j 3 <— U2kJ “ I Axj LH ^ T) > n‘l L-b^JJ (Y 

£ja ^iYI (— jj-® 


:ojuLuuoJl cu^Liin oLo5^^jo 5>5LII oli ^l^jiJI 

(jia juj tCAHI jillj (> jx& ale. iFcmelles Heterogames 

XY) A ijlLal! til L ^e. ^ic. t^iUaJl 4.3Ui«gi)l (jj£j ttilLax/i/l 

— {jjjjjj Sfl J ^(HAjl^U XX _j 

5 I _ ijSj 3 3A-%j lAllaJI a^A . jjSill ZZ j iHll£U ZW <*-U^all 

. S^SaaII 4_iLkJI l_uSj 3 (jx Yaj ^j\?w a! 1 ^jHa. 

j~_aI jA-JI j «j c.dWij :Ciljjid) He Qi Hadl JjJaj j Y jjj-4 jjSJI 

!i a lj *L Y (j ^ ^ s <Y ^ jjj j^ll j tlsUpIill He. AjjSaI! 

.A^SUil AjUj He. hhH jjj Jj-ft jj£ll 

jj_£jj (Hi -a> * (jl * H*y I 1 ic. A ju-L-tall (Hl^axill ^jHaj tilliA j 

hJj .XXXXY j XXXY Aiu^ll Hna. HjUyi He X 

CjIj Y jj — ^ — a (jLlla HjYj Melandrium He. CiLH£l 

II 4 1 4 a lal a\ 1 ^ AjAau_j ^le. 

4 — jjj^aikJLl AjutaliJI (HljuoJI III 4 pU*ia\ 1 (J4^ ^3 11 _jAlll dl^J 

.(l — ! .AjjSill 
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>1 tSuppreisoe region 


Differential 
region of the X 




• II / Promoter region 

*** * ' 

| III /fertility region 

j IV Pairing region 
Y 


<k£> Ay-Jrt (1 “ ^ 'j) 

Y t3^^J Melandrium 


•U 


dli 


■^J 


U£ 


tljl — J Westergaard 
JJ 4 — ^ a — -u (^La • j) 

L-J.jJii C— ll ^ ji J JJC. 

(j — 1c. iC.B. Bridges J — 
Cilia— a^> (ji dil£l (<g£Ujj 4 jbi 

1c. SJ-. . j 4 — lijjVi 

‘X 




L 


-lc (ajj Sill CjI. 1 i 


<-** i JJ 13 j .tl^LlI CjLoj 

jjiL-ll] fjlc Y f J o' 
il Y] (ja— bit j j.iVi ^ a 

_lc. 4 j^jucaiJ 

.a j^SIaII 7 ijx*-vtl 


p^a (JS Aai.ii^i jjjj 4jLij lokjj tQuVvfl ^ 4 j lull JaIjxH jJjb 

(J— jtau 4 jujU (J-al q^ih ) Jl Y] .^Ifl*ull CjLI jj%ll Q^m j lie- QUaiaJI 

\ jlL _^j 4jq-v^ 11 aJjllI lie La li&j . pawiuaJl low) i 4 ajj 

4jL.ua % p.Lul Solo^-ll qu-ikj Ale . j .Iao^j Bonellia 

# 

aL-v\. ,.i\I (^yxL. LuS tijlilijo' (j 2 * “* s -J laJ ljj.3 

tajlo^dl 4^ja J j?j Lujj .<jjLyi tChrysema picta LSjj LoIjjo^ 
SjYj 1 — c - \W'n II “ Liwi oj^j tAgama agama Lalc.1 LalcJ AjILLI lie. 

J S-Sjft] ^UjpUl CjlnoJI gjjau <&] g-l _^Vl (JS J Lilli jiuijj . jjSill 

. QjJajj j j L“ija QjjmiaJl loJ tlAjja* o^JJ 4j>jliLl (ji Y) SajjSill 

ui — duSI :2jipLajj^ll ^LolxVI :Sex differentiation ^* ^>1 1 jjlaul) 
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(j£j LaUijaJ to Cjlj jt - n r. <M.L. Bar jU . tj.^ 

l5j — j (jJJ ISja Oj^ J j4 .iSj . jjSill Aie aJi j3l 

j 4 Aa^Lx A_lisj JLojlxJjj . otauV I Aie 4 djlj'y I J j^y£> ill Axjjiii 

L_l}Lx ^ a 1 4 j V. _£*j ^ill CiSjJI 4<jjjjVl L£Lxl! ^LuixiM ^lft 

^ a — a_, nV\II **>j 3 biij — (jjilaJi j^Ajj CjVLxJI ^ 4 jjSaJI 

4 _al£ .1 AC. ^LuixVl J ^Uallj ~ (j'/ , ‘i k '^ J- 4 ^ (Jxl^a 

.CjLlOuII 

A AjAiill Ajjj jlj ^L m x J ^ji ^AAj La (J _Ij 4_AjJa1 

L^J <_sr*fyl AaIxII Alai .^jtuijyi .lie. Ajuiixll CjL«jJj-*jjS]i 

Ale ^ja Axl j Ajmaa (Jil ^Lui^kVl tllL Ale 4 jliSi ji X 

^ — XjJ V 41a=Jj (X) Lajj_^jj5i Lfj^ AjjajVI LpLxll A ^s± 4X 

i-iia. la tXXY AiLu^all lIsIa ojSAaII L£lxJ! Lai ” j^JJjLajjS ^uix (_^1 

* - . 

j^yx Jai3 l-Axlj {j* .LOlailj 4Axlj ^ijjLoj^£ 

oL^vi lJ .xxx ^ a^Vi u^uji ^ 4c<r A> ius ji x 

* 

.(M.F. Lyon OjJ •<-* * j) 

"oJaiJI gj>juoJI X 
uLuuu^JI juc. cui£>JJ| c^lc^l3 

f L>— -a ^ X jajjj ^iAli jxU {jl (_£ jjjAall ^ 

C-LljI JbJ jjJj AlUlil (Jjj 3 “ CjLjaJjJl ji AjjjjVl L£Lxll — ^JmLoj^SJl 
t t n tiMj La 4 LaHJLS c^JLula ^je (J£jtjij JaXuj. jail (Ja^xx Jlx . AiAxll (JaxII 

(J£__*Ll) 1 1 g -aaIj ."<._llax.ll ^LJ^xull " a^\je.\ y iU5 itilli 

.jUayi ait t^iljjll AaiAiil yU.iU Ljii jlSVl 
0 

^-lj^__ll l~a Joe 4(— llaxil l*l^ a »a ^jjj-aj^^ll tilli ^ jixJj 
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^3 t ilA j\ lLjIjxj _ji jjjaS j^JaJ l* Uv tAjLjlnll 
(j — ^ 1/2500 — 1/2000 JjJa . ^ ^-laatll (. , tl Vill qa ^ jil ! 11 a a^u j ) j£jj 

. jVjVi 

jjj_Jj tJaLiull Jbj3 (Jua XAj^aj\ &3A (jial jcl jjj! ^ i— ijlflJ tilliAj 

(JjUaJj < A^uaJI j diill 

Lujj t >uaj| 3 j3^j tljUjA Jjjj V 

jj.. a*! tAjjjaaJ! LpLkll l^wlSjJ Aili-py Lj 3 tAjjjlil! A - UaI^JI tljl jjAl! 

l^nII Aj jjjjJall lIiUja j^Jl jl Aauua II 3.1x11 

jx lillj j3 uall J ajj tA (3jjill SAjjjIjI! AjjjjiaJl 

. . . diji^ill j 

4 . ^* 1 A 11 f - U ( j - lC ' JJjJ A UnWll CjljjAjfl-li J j&Uallj 

£. « Ajaja^JI CAjjvII jjJ (Jikl Jj ^.Ja JJ LlA (jxij .Ajjt jjll clilftx^ll Jisau 

— ► Cj\ aj jjjjl :/aj -^-^ll tiil irJl) Gonosomes tlil— 

CAli>ll jjuxll o33^a (JaI jC UjljjA j^JI fi3A jl j j hj Ia£ 

tjl jjjII [_yoju jl jjc — ^^jjbll -itbu t^^llA icjIjj3j 11 3i& tujjlaJl ^-IajU — 
ftj ijc. Will jja.A -1 j| I^jIa] j)S/ “" Ajj jail <^jl£j*i 3J& “ I jjj£ Ajj^^ja 

•irfM 

ia_£a — =o V iX j (jiu : o^laJU A - Luj^D AjIjjII 

( x_-a 33 jJ jJa ojjA.S/ 1 a3A J Ujj . Ajahu% jiJ cliLua. (Jj Ajm‘v>ll CA.Lj%ll 

Sex" "(jiilaJl J A lijj ja" <Jjja ,. ».) iAjlj ^.mir>J! ^^Jc- ^jS?! 


."Linked 


^jll Aj jjkjll jj * A ^ <\ ft 11 A_iIj3 Jj£> ^aaj^JI JsLj ijVI <—fiLuo£l 
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Jau_xV U^ic. <1910 flc* (jJl 4^-ljiVl (_pa* j ^ic. g -oa i a. -LLjjjI J _y3kj Cjlui 
U^jjl J Ulc. (joiic. ljIj a^SLs Ajlp Morgan fc.Cj 

J — 4(i-^ £* cjxbxii c>auj 1 IjSj £jl j Loic-j 

a Lai .pl^A2k. a^£U3! ljIj 3 ^ Ac-^uwa ^^ic. Fj <(JjVi 

pi kin nil (jj , ji 11 Ao^ATk^ll lLuISjs tF 2 c^jlall 

J s tlijliaj 3 J pLi-nu 1 Afkiiij pIja^JI (_£jj QA 

0 

pt^j . —a-*. tliUjj jjSj ^jljp -lie. dlljj — ljj£i (jj-ixll pLki^ujl 


(pL^ jjSo) wy x WW (pi >o> djbl) : jll 


/\ \l 



w, y, W> gametes’ jrUl*Vl 


(pi j** jj£j) Wy x Ww (p 1><^ <1>LI) :Fj <JjVl JoaJl 


/ \ / \ 

00 © 0 


W, y, W, w; TrUiuVl 


Ww (pI j .1) + Wy (p!^ 


. j) + wy (pI — uau . j) :F 2 t^jl — ill J — AnJl 

WW (pI ^ .1) 


j* w j W Alleles 0— A 1 ^ ' uA^ l) lWI I^a ^ ^-*-blj 

t ^ ^jUj jjAJjlll ^ o Jit J& (jiulj X f JJJA Jjill 

Aj& La l^Aj . jjSUl £>* F 2 ^Lll cJ^II ^ (jinllll jlsu-eill 

cA 3 ^ jAA ~ (3^Uoll (JiaII ^ L£ — jjos* iLAjj 
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X 


(u *i) wy x fVw (h<St£rozygotes Ayli .1) :£ljdl jll 

/ \ / \ 

w, y, W, w 



W H w 



jtxudJI 


(J jSfcVl JlC’ {Jiljj “UauCW <jf dJ^C-ljuMj (_ Ij^Aj 

U^J C fi — 5 ~ X f J JJ — * LS k ilituaJI J 

.{jouaJlj ^Jan^a cIjI/a 


<®» A 

A /* 

1 /UJl 3 jbi olajjj^j/ 2 “ t 

.jyjt /p 5 /Ail J JUill Jfi hf>H \ 


Drosophila 4 jLj 

^_J j :melanogaster 


C_1 


d_^Ul! Jc. jSS 

1 j (jjSjjj . Aijjj CjIaj (/II 

u — 4 z)j J **jJ t> c^jj® 

4 xAj I fl t-**’ 'I Jj II 

£JJJ t> ^Ij J 

- CjI <»J 0— 4 “ — ^ J 

L>J -/jVl ^ (jjLUal# I > J£^Vl IAa 

S_3ji J L^a, (jluaJj IjjjjjLoua j/ (j^c.1 jj /.! J t^jjjVl <l£* 

.(2 — i (^j) • jSAII ^ic. i60° (j-» c_jj2j 
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A ^>>11 A., uU.1.11 J-iC- CjLaj < — jl I M A^ I .13 j 

0 

.^jaWlL <Uajijjui]l CjL‘n>JI AjuiI jJ — 1937 gj-ll j^v — bimj 

I* A \\y\ \ J^IXJ J^-lru .13 4JaJJ J-*ll CiLLaJI Aj| JJ {j-4 £3 Laj 

CjI ij^gill (J ... t\\\ aJI^JI »3a ^ j <j luljj 3ajuj3j Y ^ic, 

iil — 13 .lAbij Yj .tbbyi ^jc. AJiill Y j “ cbu>Vl *bYl 

* ** 

o jiajj j-a XX U^J (J^ .ClluJall (_paxJ .lie. 1 j.lb Y] 

j— £3 j {j— jjVl ^ — jilj Centromeres lA 

J 1c. j_£.1a 11 IbJ Y Y) XXY Aa3 <j-a bjbj till3 j>C. ^uj tgJjjj 

£tJ — £lai JlsJj X {^j3 tbjj>a £tJjh<a t 1 M>nV j J U£ -(^jJjj^I 

. .llljll Cjlli^ Jaljjjl (jc. ^ixj tXO 4»xuic, 1 jj£ 3 ^ojj X Aa3 (j-a ^£3 


..^i Y ^311 Cj5j11 :X aJxu ij^Jl Ajjbull djLLuall 

*ul ) A Laij^al! Ajlj^ii Ajjjulb ^jLuijyi (jit el^aj 

A 200 <j-a j£i^ (jl (j-iJJ «13_j aJjL*J 1 a_^bi (JYJk. jj*a AiUuSlj <2113 
tDaltonisme {jl j fyl ! U_La_j A.i*aWll CjLajj^aj^jSilj Aj^bu 

— =>il) Atrophie optique jja ^W j iHemophilie ^-ill Cy^j 

A 

o j— £11 c_j— l-^j) Glaucome juvenile jSia!\ Jj^IIj c_L-axll 

-ill A 1. ^-»A. j jS^bull ^jjjbSlj {AjL^jflll t- \j\e.j (^iaall j^i»<a3j t^Ajiiixll 

»3! ‘White occipital lock of hair cb-Au.ll aJ13£JI 




CjI — L- oll o 3 — A {J-a *-J -Wj jjj ...^ 12*21 t alVil l Jl£bl {ji«jj tMitrale 

.4 CjU i-Jb 


(ji uby i 


UJl 


■^aj j^jjAJb Ajaijj-o]l ClU^ill Ajl jj ^jl ia^jbj 


.(jJjLiaJjll (j;iii*Jl Cj 13 A^SUll AjLi3 O^JJ- 0 S-U^ {>» *<^*un a 
J tjAfj J ^Lubyi ^JC. l<jljlVl JAJ-oJ (>* JbJJ^l cjUwa & j 
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— 3 *X f daJJJA pi jdaiJl jljlfyl ju JJJaIII 

.cIiIaj jjjjSfl ^)^C. (J£uj jjjVl (jjlil jU-^ajj L_i jjC JaJ 

:4aiajji-All (jj*l! Ll^ 4li*jgl jJ q\j£$\ jb-ajj ^jIaC. ^Lj 

£-1 — wal) *— >1 j£j^l O^i W^ 9 fiJA {jA 4j31j 

t^— jII ^ — a £lj— AM o^Aj ~ ^>*11 i-i ik ll t>» ^uil ^-ujIIoJI (Pigments 

(j— A (J— £ <— ll i£jjJ **l JA^JIj pl^ dvl ll J plSjjil (j IjA/l (J^iiAJ 

. 'Ola Lptikil ^3 C« l^vifyl 

^ 3 1$ja (JSi C* \\ n>H didu£)j LjbjJj^ill (J jc ^kJ .13 j 

4 — jljjla^I (jIsaI^JI ^yic- cj» j*j1I (j£aI 1^-jj ^Nucleotides <— iljj^ill <JjaLaj 

. Cl n"tjjj]| dllj I^Jla L_i£jjj ^lll 

(jlil jjjj^ill (jl 3 t(J a* II dil js ^ja £3 jlll (j£-&j LuSj 

II jU .i..ij£j3ll dll 3 IjJjij LgJ p Aj-cuaaII di3lj]l 

j_c. (Jjlflll -i V] (jl flVi% j V t j _ja^]\ (jjjjUl KlflilL (jjj-oljJl 

(j__rJl Avj LaIu .X ( _ 5 ic- L^Ln^. A^.1 jjjj i Aj. haS/ I (JasIa^S/I 

.7 fij Jl Jc' (jjj^l uj^ -la^UI aPjj^ll 

(JA3 icJ (_<ji]l (jp_5^JI ^ C-ttlVill C- UaAaII j-lrkJl jl ^^aII (jAJ 

X -L-1J JA recessif ^Ha ^\j Allele j ^ jA jdalS/l jjlll 

U — 3 «Y ^jjj — Jc. jjlll JL^uy "aj jja” ji a^jj V -ui Luj - 

(jlj^l X (JT^ l-^lj ^ 

o ^laj uiaII j’w ^>11 j ^ALi-kj Lus homozygote 4 lj - ^ jll dul£ (Jl^. 

(J £ (JIIla Jo ^rk.Tull j'v^nll (Ja^j ^jjll Iaui ijl nl^ll jL-<ojjU 

(j-— A o _J— IlaJIj (j$ J^llj jA O jlkAlll (J^oLiJI X dlLlill jA 

- , 

(^l j^jlc. Vj i Heterozygotes dlii^A j^l£ 0 ^>^J I^J •••■iMjM 
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CMI AjI (jU U>1 — (ji jiVl AJjjuIIj L-UC. 

<— fi t^jn t^ ila ((jijfyl s L>* 

X LS^ U_& f4 ^oj (jV — 4-^1 (jJoL-a-a ^Vl 

^jLoa-l u> >,"* ll - nil <- ,'ti.^ij (jli t ^LVI (j^ ^3j »® Ajlr- j 

:3aillll Jl£jiVU (3f^ l* cj^jj *04^ J4-^y J UJ J 4 4-nx]| 



tfjlljfl 

JVjV! 


A** 0 * 

A 0 


cjUi j» 

/ 

\ 

i 

\ 


X* 

r^x 

A° 

x° 

^tr- 

< 

jrULaVi 

)C)C 

A> 

A*A° 

\ 

j^jSn 

Alal^ ^ 

C? 


< iL>^> ^ (^ 


A*A° x 

A* 

A 

owi jfl 

/ 

\ 

/ 

\ 


X* 

A° 

A* 

< 

jrLLaVl 

x*x* ■ 

A*y 

^ 

x°x* 

AV 

■tfjVl 

4^ ^ 

L$y^ <$ 

<LU $ 

uLot (^ 
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(j— Jjl-a .1 jJJ V] (j jL3L 4 V ^j£L2 

J1 <U2k.l £ — — i*-ai lAaJj jlua A^a.j (JLa. ^ jj£a2I LjL-<3li LuJJ n* 

dll j V ^21 _^Jal ^aII pL^a^.'yL 4je jju la I AS. j .joSl 4jL-a] 

Ale, JaAS % 1 J Ale %5 AjAa. CLLa] AjjuU — <jS^uVl SAaJlall 

AJj — JC< ^»AaIa^.I fjp> IjJ^jj (jjAll t ^ An* ^) {Jl^^))l L<al “■ (■ Imill 

.%4 — -II 4jI^S 4 jjJoi,Vl (jjll! jUdfljj 

I^illll Lo <J£ (j-o ^gJUXLiU 
Ale _^Ja-> Lw 1 ja& ^^lel jj£a]| Ale AA^yb (jl jlS/l L JJC. ^Jaj “ 1 

.dAiyi 

^j^£a 11 Alia. I AAC i AjL^al ^Jj ^luaxll pIjVI c_Li*J! (Jajjj -— 2 

'ji c. 

^J f,LVI (j-a o^*lU-a X jn^all (Jiljj V — 3 

.*UjVl 

j| ujliU^X4 Cllg-alj {jJjlu-a-4 phi CjIjA CjLI A^axll djliill (J£ — 4 

c,^ 

AjCujuoJI AjA^joJI Olucdl 

OLuuuVI JULC. ijjuUsJb cUoaj^oJ^ 

<n — ui j :Hyperuricemie CfJ — Slifl i X^bsJl jljS) ® (l 

X JLu J <f\ " j* AjaJLa 

i 0 jj| a 1 a__£a j — S^A-al! Ajki^UI ^ ajilall (jjaii 

(J— (J^ 4^ (>» t-±l*Jl ^ UXJ^ ^VjVl 

lift 
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1 HPRT J) Ioa £^.jJj 

yj ^jc. — Sa*J Aaxjiia AJLaj oS)l ji\ jp ^ g ia j j — CjI 
CjIjjL (Jl^i (^Ic. a. urique ^jJI q* j££\ 1 

m 

l j\ » ^\\ ^ wxj t^klLuJ! ^g-tlll Ajji L** 

jl J Vj iA£^)a-Sl (j-k- o^laAuJl JlSAjj JU-ftjVl JSJJui 

a j — ^uli 1 1 jj 4< jjljJI A.l > nil ^yij . ^j*_ula (JSAj jl ^ Aa ll 

4— 3k^.j|lj ijliuoSn Irv^tij t^jL-aS/l 

1 * 1 ^ aj tjjjlui £jJaJ a*jj tjjJC-l jail 

^L^Jl (J^a*-J J VJ jlgrt.il j jjnKlI AjL^sJ SAiii dIBj]! 

.<jjjA*il ^jja. UJJ^S 

^ — lc. ^ — Ha j v> j l — JaJ <51*1 j ’Duchcne ^u a x il LjljJbJaVl (2 

f 

A__iU <■ <1 * jj >*11 o‘aA Sail jil 4 ” <Ia^v (Jlik ^2 ^ tiiWll ^jjj^jj^il 

^il SJJj .(jIo^aJI I Jig J LijjSj jjSail UjV J <~Ajuaj 4 - ll (jl £ 2 jJJ 

(■■ i , - J**il t> cyijVl jjuuiil •Ac. JjuU (jJaljC-Vl 

jl <UjuoLiJl AjI j 2 (JLiiL (Jfliail ujLuojj t(jjia£il j jjila.jil CiXiJaC- 

(J Aru ^S/l Cijl£ 1 jj j •<jJ - >*ii*ilj oa^i jil (jui (Jj3 .0 j*iUiil 

, . * 

^L^yi £ ja^l aijj ^jl £ 2 jLail (jui3 — Uj£a La£ — 'AijjJl' dilA 

i»-fl ^1 ^ aJiUil j jaJl lag 1 jg jiL^ai JUia>l Ji 

i—ull pi MU l j aC* a^jJ V) ^axla A_jji jA X fj jj-^j J^il - 1 

.(j±*Jl lagJ a-luu11j Homozygotes 

ujU — Jk ^ — 2 £ — jSj L-idaaj ju-ojj :Hunter jailA (jil jfri (3 

jjLuilllj ijy^LLoil jjjj 4-v mill ^LjjjI j iSail jil y 1*11 AaliSj t 

• jj4^' cKy^ 

Amniotique j^»Vl oA?J 1 c-l^ J\ aLJl UVA ^ jj JU. ^ 2 j 
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Q j — L Muco-polysaccharides jA\ £jIjj£juiJ 1 j$-kj 

. t— il Ale Jaij Um 


J y -^1 (>a *j qa £o-ojj :AjLua.j <jluuVI Alt Y 

N ^ <j-alA i "ll.'n-y t ^-.1 *v 1 ^jJaxJ Aie t^JjlxJI 

*.n ■mil Histocompatibility <aouuVl H-y 

# 

(J-olx£ Ia^. ^»Ia jAj ‘TDF (j *>*!•> 11 
(jS-ai j — Cjljl_j ; pJ! Ale Y J <JrajjjAli Cjln>ll (jJajU CllLiuSl La£ 

t“<l -*^^H ^j-a AjAtll L. jLujjSLl AjjI 

1 ^j]l J ijjLaijyi l^AJ Laj tCA-U.&II Ale ^jtiWlLj <ilxla31 <_£_p>Vi 

♦Phenotype j$Ja-*ll ^ <*U dil jjjb 
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t clJ— Ajj t—iL iuSV ^ a (Jaxj i— J jUj (ji 

~ j ^ axil &u ^ic. (jU t^Luo^ii (ji£ dj - 'c&jjjr ^ 

: oA^j Lf* (ji “ f d ^ LS ia. jsi«j (ji£ us 

CjI — «jUa 31 (jjJij ^ ’Genotype i(j lluuaJ I 4*.uall j! (l 

t_ij i-oj dl ijj iJLi^Vi pLijVi ^-1] pIjVI (j-o AiUL 

.Mutations CJ jilall qc. jfcull 

ia^b (Ja*IG ©Uj ‘.Phenotype : (>r ii»21 ji (2 

0 

(Ja\ Sj ^ILllI ^uAaJi jjJl oia.1 AjliJ! (j a ytLi 

^ lc j)l£,-fl]l j Lli3 j]J ^3 ^joa* (J^ (_]a*-J i* iAjUocJ 

4**rt u ^Jj ^]\ AjliJl ^Luljl ■>■» j (dUjU.j Aua^gjlj (JS aAAjj 

!^ja*A j,JtC ^jAk^n j_j^aU. (Ja*J Ax. a ^^iuj SljjUJl tUVlj 
(_$ j . . d j t4 j — £I jaII ciL_Jjj u. alail (jj£j Ac^axa oA^fi 

...(jjjj 

1 A — OU «JI CjL j U — -a {jjxajliuA £ja cIjUj jjAj^SJI L_iS^)jj^ 

i£j j {j^a-oL—aJi !(jl&jj a aUj 4 Aau 3}M (j^aUs^lj 

J DNA) Desoxy-ribo nucleic acid <j^ £jjU LfjyJh 

*(b(j* j ji RNA) Ribo-nucleic a. tjjji 11 

11 A — walikJj — Ajjjill (jIaUa.S/1 (ji clAiiJLjjVl (J^jl tllJJ 33 j 

.ajjIjjII «.** A ft wall aJSUII l,(j. 3 
jj&Vl (j! s jASJl <—i jUlill (>o Ujjj :Ajj 1 j^ll SjU1I j! H 
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jll djllujjjllj bjll qa ‘fjjj*jj£ll ^ ball QA 

ball (ji jjJc. — Cytoplasme b^uj^jjjjuiil jl ^jlLll ^jul^JI biaJ 

(JllLa ^ii_>i]l <il£J uJ a^Lall *aavj g? J~^J 

f 

1 j^u5bll — jL&£ uljl— mj^j&ll (j <1 jx — ii£l| c_i jIi^qj >ojI ai j 

jl£ ^all j ^Escherichia coli (j^ljSlI ***y l» Bacteriophage 

jj — jSJI pi _»] M. Chase Jjlji j A.D. Hershey ja .a. I ^lUAl 

(J51 ill j <J Jo - ^LujjjJIj bjll l^ullc- (J V s t> 

j tl— i^)ll <JjLoi j Jiill d^A *4jjl _J^ll djLa^lxAii JU^_jll aja^.11 

CjI j ^ j tj£ j^jII Aj^uII (j-<» dila a^k LS < Cjbij j^ill 

T.M.V. ^jjji Jc B. Singer j=>dw .ujj Fraenkel - Conrat 

.Nicotiana OJJ l 

(J_£ qj£jj ^ill dJaij jjKjiil j| ujl^jjill ball u-illjj :Uali i . n .£ jj 

djblJaJI {j* a Jj-lJ 


.Csliui j 3 - 1 

. Desox y-ribose ^i> i ^ VI £ jji* jjjjill — 2 

^Adenine tjjiaVl *.£jjVl <— ibjlill ^a^J ^ j Aijjjl eacla — 3 
tCytosine (jjjji^ll < Thymine u^^All tGuanine bfcuIjiJI 
bjll ^3 ^-ubsAil ji V] tdjliuijilb bjll ball dljjdjjj 
. (ja-GJoll Uracile j ^ (J^jj jjjj_>1I 


(3 — t_jjSjill t-ijc t^jlSI Crick lilajSj Watson Cjj*^3 

*-*! jj^ ^ui. jjuijl j .a.£ (j - ® LaIj^.1 ^jII ujI^jVI tball 

1953 
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QjjjiiijJI ^ jj£ jj J^Uj -P iW*j ~ 1 


A°l) fjjiuJLSl A 0 3,4 l£ jj&u 4 <^y£jJ t> ^ uJj£> 

lAjySjMJ AaUwJI 4juiSfl Jb-lluJJ Jlxj diijj — (,^10“ 10 B * 

AjLnla Ailiaua (JlSjiL l^llxjl J Ajiill j a jjIiaII cIjIjj jail 

d^J (jjjLuOh Jaj^kii ^^Ic (JI£juiSM &3a ^LJajlj djl_pll 

tAjuU^ll E. Chargaff .1 (JJI^j tabjxJj — AjuiS/l 

(Jjjuij! j ^ J & I cAjc.lsuiJl qiKjI jsj Wilkins M. 

* . ' 
i jxc- ^Jjuj jfl (J£ja (J£ji ^ylc. ball 1^3 jaj 

acl jill <-_kljj j — bjjjLk. j^)l\ Jj*. aa.ljll i <nlj dslajjill 

0 0 

£-a fl^laial ^^Ic lbv.jj bkjj 4(JjlijJ d)JA ^LuJI tllU.ja 

Wr\_0 Sac. la (J <sx{\j — ^a ^jpl jil! j ^jjjaVl 

j£jjJI j ^ 4 a Jill tllbj JX L _ Alajfj La£ — jjiik. J^pj^l! (ja 4 bi jb 

1 — C-J ^j) ,^LJ1 tlllj ^U. <ijL Qt> *a ^ Vl £jJiJI 


- 2 


^yic .Silijll JS ^ 10,4 — 10 Ja*Aj tlslajjjll Oj^j *(2 — s-ij 
(jij) AuliJ! ijkla jjilli ^jLja_jta (J£jill tillij ujj£j£11 13a 

L-ijUijll jj^j La-a ‘(jliiiVl S-Sj4 
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(j 1 J 1 i~r) UWf f-'J 1 

(t^' ■ „>) ™ Oj— Jtj ^ J LJ 



OH OH 

Phosphate Phosphate 





(j^3 u JjI£j JU. ^ <LpUJI jkAjj :l.£. J -Jl Replication uacluij 

^ Jj ^ jail ^ic. Aiaflla. all A^ixiiiaJl LjjliJIj U^jj£a]l£ plj^-Vl 

• - 

i (^W>) ‘^4?J^ - UJ^J £A>* J 

J — C-! Jill £*lj jl (j—JJ A in^jjOj^il ^JajjVl — jiwYl (JC JLxl jli — 

(3jt— _wxjj M (jjiu^aVl a II jjjilaJI (j* (j£ ^»j2j ^JLaJI oIa ^ij — 


(J. jLaJI Aa.1 i jli* (jl (^i — 3 .1C- 13 <j£ <‘vUvl 1 *_sj ^jjj -\y -v 

3.1C-L-J — 3 <IaJjVl AiUa (jjlik. (ja — l - ill * laOuaJ t^jjlu-aVl 

^ — xjj (Jfu^J! ^JicLjaJJ 1 ji£Aj . JUAaJl (jC&SL&ll (JjaJl ^3 (jj-ajMI 

.(4 - t_jj 3 - v> 
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(ttvtoal 


^?wwasoi 


rS rS rH rS 



_^um 

«sbc>J3| 


i-i^UaiU O^—i) (4£) ; 4 - ‘t' (*->j 

Meselson Oj-JjU) .1 -Jl .up 
(S tahl 

:QmjJ ^Jc t ar-1 , WiN ^JJ I.^A> J 

(jljjJ (j^c- ^ b^slaiil (jju£c. (jlc* » (jjliaJl ^biil 

ASj^Ul 6 A& i .360° 4j_jl j C* Uu% (jJJjj — ^A&LuJl UJjliCr 

<Jw>in cluaj .Rolling circle ajlILqII a jjlalb 

! jl i—il *v Hi jbJ i_ul£ _jJ 1 

* 

tJjLaJI LLa ^ . u ^j t, fc U% \ 5 JufLa cJf^ (jJLaJil (jA (_]£ ^l_1 

* 

.(jjlaSl*!. (jjjlUajSlI (jilAJI 

>-i- jja^a j AJ S^cLuiaJ t er.KW^t 

j . ...,* > i^jj jjlc. Aj^Ij AL^^al) c iU-Vn jj (JjLy^iVlj 

jjj t_i*La 4 Polymerase III jljj-djill UJ .cjcUiull ball ^bjaj (jpjji 
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a ic Polypeptides — Amljj o* u j^yj ~ Catalyseur ac.Lui*]l 

jl A—aLaa^^ il— 'Qwi <iiU& j “ 

^jiiuiJ) pL^Vl ajc-j .^ajAsJI (jjLiJl s-y^jj aAoc. paj ^ tPrimase 

<jj £jj - (Jua ^Ua <ilba> t Procaryotes ^Afo^ll jjc. Si ^ill ^ja 

.Ij^jJl qa ^laS I (j& Sik.l_jll IfrLinttj tSipC. t"Ajjlc." dil ln ^a. (JSjij UaH 

A- *^>Uk SJj a (_}j — J tSupercoiling a j! jll Ual! cjlijll J 

1. j^Aik 1] CjI qa — pU^Vl Ail^ ^ Ju^.1jjj (Jj t ^j-s^l^j^ilLs 

.Sj^iadAil pLi^Vl 

a J t - > A j i jjili-wll ivl £±&J t^jjlall ^jill cJl^ t/j 

tj Liiji i (Ja S a I ! (Jf^Jl 360° _>^V1 

oL^jVI ^ AjiLi»j JLuUl jjJJ (j^>yll (j-A l. aIII la] AjjL^jI — SailJ Aj] ^lc. 

.(7 — <— J <6 ” S-J <5 — V ^jjujjII) .(jii^ljuall 


h* 350 n 



chromosome 


(») 



Folded 
chromosome 
Actually 40 to 50 
loops 

(b) 


(«) 


Partially 

unfolded 

chromosome 


RNA cleaved 


loop is 
naently 
oiled 




Partial 

RNase 

reaction 

Partial 

DNase 

reaction 



(t/^ 1 o) s-^ y :5 - v (*-»j 
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Relaxed 

covalently closed 
DNA 


Relaxed, 
nicked, 
circular DNA 



Negatively 
supercoi led, 
covaleftlly 
closed DNA 


Negative supcrcoiling OULJ^l tiU :6 — v p — ij 





Two 

negative 

supercoils 


^JLJl JUj^I UJt JUJl aJT :7 - ^ 
(cr^l J) 


jljJ — aJI q — & ^ j c, V (jl AjIjjJI c-l-J.r- t a.V^I tAjjlall aJI^JI 

^aj^n-LIl (J jc- -jj 4 tilS AicUxJ t U^Sfl Ails Jjc iGyrase 

\ A& J i p (J-aC. ^jUa jj ^jjlaiLa kiltlA (ji Laic. — — 


(j\ — *-i«j (jUii) .Nalidixic a. tikuSjjjJUll (j^x-sUJlj Novobiocin r^jllaLJl 
>n (J-aSj tiilj J Ja^^J L&£ ,\jj£A\ AiC- IjjJl <■ 


>AjJLa*Jl ^ (Jj-aj ^JJ QiliTyJ! (J^-taSoS — (jjalalj^La 


la pLptVl -ijc- agluajj l_u£jj 
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Jj ^ dil a jkJI (j — a 1 ^ jj : (Eukaryotes ol jSli 4iii-a j 

cl -irJ l§jV td ^ic. dlLuIjA l.^j. J II L-icldaj 

A—JjLl j j dA ^lj A A JbiU ^j|^_jll l^_A3Lia t—klljjj 4L_u£jill 4. It i, j 

(jl ‘dil — naJl a — ^jAjaII Lkll cU^Vl (>» (jlc- <(MonoploTd 

( j_ A OJJ Ida ^1^ A^.1 jJJ UiS — ^jJjjS/I (J5i (j>i d>iV> tiiljA 

.(Polyploid ajjLJ^ A A xia ^.na. ^alL dil j diLill 
dll ^ _jLla]I {ji “ (3^.V ^_3 ^dajlu La£ — o jUi^l jAaj j 


‘^.Ij (J*&u djjjlSjjJlj dilu-jj^aJI Ate. <iil jj\\ 

dll— iuijj^jjJjli ^_JU-ai til — LaJ ^L— 3 . lj^}ll I^aII (j-a daA2 lA^lj 

A tej — "dlljjj-a" <d-L/lj 4jj^»-all (4jjj^)ll diUujj.iill j RetrOVifUS 

oA — J_ji 3569 aIa — oJ (J — Ic t"d1 j jyi £jji (ja j*5Ua MS2 IjJU^dl ^aio 

4^_j3l jj tlixa. 9—11 <v\i>ll <Ja2o 3 t4jjiAil dLuijjoill Ixi — 

^—11 tjlj — x±l\ c^jAaJI iT2 (Bacteriophage IjjP^II ■J^l" — £) 

# 

‘l 3000 - 4000 jS .^ IS bj^ll c^u J 150 

.IAaII (j-o A^j c^3> I tal ic. Aad jjj 


d>— c. Procaryotes ill dil — jjIaj i ifiV i V ^iUall ljj£ ja 

^jl (Jj (ji ha c- t bo-lal 4_ijlull ^^All tljAl) dlj>aS 

^ull tdiLaj {j^ AAC. ^ (JD^ -0 djLSjAa. Ate j^A IJaII 

(Jj — la (jl “ AA L-all lAA ^3 ~ jSa j Lcu»j — jjSI jl ^afkjoii ^Jc. IAjjAj 

doll ^iUall ^ jA-all Jjiall lAA ^Lj LdlJ t^a-all AjAik ^ jA 

J— ^ £ — Ijj Diploid — J) ‘Haploid ^aI 

# 

85 ' 1 1 uW 1 *^ C- ‘^1^11 (jJ oa^^,^a 1I 23 —II d) -11 

dll — -l i ld ^ dlljjj^JI d>a AjAxII ^yj] IAaII lAA hale , j .Vjia ^15 

LS _Jj]] A jQj*sJ I jJUuiij t-jjihialli (IjjUjIaj Aic. A^lj C CH 1 UJ^J 
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85 ) Ajj*iull CjLaj (Jjlil L_ fliV^J AaLaC. IgX/Lk £ja j>JJ 

* 

CJjlfiJ ^Ic-j 1 jlai ^S* ji l fluVill JjAa. ^2 4 jUajuijl^ Ail > ^aojt (Jjj 2 

!!?Aj 1 c. ^l£ 11 * j^\ uwi 8500 J [i 10 


J_jkill ^ — ubjj i^SL-fAiill ^ J— ^ CiLijix CjUjJjajjS 4^jj 
UJ ** 1 1 l, J 3 ^ Icl jLSjjjjjJI l^jl *<«LiLajOj*jj£l] 

0 jj (J jl «*Jj — AjjJa*^jl C-itjjjj jJI j t<iaw j* A 1 % jui djl 3 ^A j <HistOflC 

(jj— ‘c 5^ cjbLLi. Ail£ (5^ (lidl ojj £* (jjjUjjS]! ^ tjjiu^Jl 

^Aj 2H4 :2H3 :2H2a : lHi :l*>u i^uij CjLjjjjj t> 

Lf — 1] AjIIjj dillujjJI al^j - Nucleosomes ajj^i ^1 £* t_*l£ 

.Ijjiu (J jjll LlAjLia> <J£ ^jc. jjj£ 


a i^i lIjI^^j 0- 4 Ajjjjll l*£ mjjjl l_i£jjjj 


- CjL_ 1 ujja 1 I ^Ijjl t L_k]jp \jJa*la» OjJ*^ c^J (jia-djaJ! 

jlVI jjiaAjilj (Ju3*Lsk ,>>»J Jji ^/j (PH=7) ^jla^A (jiaLcL^Vl »^A 

Q— jn-> jS/l ^j^c.1 — a (j-<» 20 — 30% jjic- AjIjIvV 

Anti- Q ja ^ — Sti o!* ni&d ^ j “ Lysine O^j^'j Arginine 

* 

l__aHail 1 *flV*<A* — 4 . ,.M o a ajA*JI (J*juu histone 

.±±\ jl! fjuaail Ajii. O^ Lijj 


^ C> cP^ 

^jjj — fljjiil — a jL> o^ ^ ^ 0^ 

cjjUjII ji - Centromere Ajj£ jaII f&l j' jUjj^* 11 j 1 jjja 

Oj-alb 4,1 x iolO 0 3_j 1 jj o* <^t/> ^ J 

Jj—Ll 03-^ O— ^ t^— “ -(u^JJ-^ — Ojj apB^B) Dalton 
^ 1& (JjLuili £-A ^jjUaJJ 03^ l^J ‘UJ^' 0 X 1010 ^IajOjajJ^I 
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1 J .liill t>a L>* f J4-^? ^ “^J 

Si CiUjj^SI J jial <J ^ t Autoradiography AjcU^II 3 jj^JI 

2/3 - 3/4 (2.4 - 3,2) * 10 10 0* UJ^J *r* l > 2 

,<jLj 31I dltj aj& dAjjJ^ 

i. o « (jiiU jjSII :Nucl£osome mA-H 

no it ui^j jiaa s-jjISj A jadiU ) uW jfLi (jic j$^ii 

1 ^ *m Lu3 CjljjaJl ®^A (J*-a!joij — A° 60 1 ^j£L«u-uj (.^10 “ 1°A) A° 

• (8 “ S-> (^j) CjUu^> 



OjsT aij jLUl J-S* ojj-^ :8 o 1 


b + 

ILqJ 


11 (jxiLa^^SlI tl 


t/j 


jl ,ll£^il1 (JL«J uiU (J- 

I 3 & J jjc- - Aah-%. yi JiiiL Liill ^-iaULa ^jic. Ujli tNuclease 

m 

. 4 -iinll (IjIjo*jul 1 I — Ajoiij diS jll — (Jl^j 
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£ JJ 200 — kJaau (j- ^ 3 =JI fyJa$]l - 1 *-Jj 

1 . ■ ^ (jU AjIaC- lIuujj 131 Lol — Ij^ll ^Jalxa .1^1 (jj^J 

Core — iS n — j < s s‘ A * JJ ‘ jbKjjll fjbj b-iil o^j^j 146 <Jj1*j 

(jj — £i>j — djUftja^ 4il£ V jj^.S/1 13a j ^uu->ll 

,H 2 a <H 2 b *^3 tPLj Llibjiui^JI <jA 


■300 A- 


'I 



: A_jlLuLa jjSS\ AbUl 

300 ^ A^)ia3 JbLiajjjA ^JLu 

ji 4-3 jSa Ud J$-bjJ ...A 0 

C.ljb tA.td.^A 

L'f-i 

100 -M (Jp^j 4jaJl 

— c. c>» ^c. jlbj - A 0 
g, ja. * aJI u_l£jl)b iLaL&lj 

1 t a iiill 1 

<— iLalb 

.(9 — sj j) •(jJjiii 


ji A. 


JL 


nil 


A-» jjyjj&i *4^* Srs^. j* ‘.9 — ^ p-'O 

CJLLb- XaajjjajJA I CjUujjill 

UJ-£ ^ 

lwaj! (j-* (Metaphase) Ajjbil pl±jl I jy^jj j3£! CjUj Jjajj^II 


^ a t(Cjbjp u^l I^jc lLiA.Lh <j^M) ^boj ^Jajj .AalaJl 

-b^i j (aMjjj) \ijjkjA oijjS ja^iyi p j-*Ja j^j Abw j-all 

^ 'oja ~~ -l£jJ Iaa ~ b^]l U^b ^ a"A j — Ojjj^ail p3a — b-lll £ya 

^ boJI p<^J^ - 
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^ ic t jl aliuJI ^ a — JaVl ^jic- — CilLl* lL£Aj iiIUA t jL-al^Lj 

; Lilli |jm 10 3 — 10 5 A^I a uij ^Aj — i 5 .>^ OUajfla> 


A° 100 jlaij tjbj Cy* ^ ^ ^ja^II aLlL> — l 

CjLjjJj-D^Ji (_£ J " v ~* 1 J 



.Lviaa AAlia “• 2 
gj— -A J A° 300 ^U— UU 
.i_uiiUjj^l aIJII <liL 
• HI gjjlwifl! {>9 c_a]bjj 


£. Cjl — 3 

, . Hi\ 4 JU ULiLft 11 


j Aj^S^aII a]\xuJI 
^ — wijj Aiall! 

jl itjLall ^ 4^10 — c_j 

Ut - A” 300 (jk 

a ;.U I a j» 0 ^Sj «J 

.di-k all (jA j (Ji j|j 


bj^ -10 - s' r-j 
(OU <u« C-e ji) jliUJLl fUf 


- (J — jUtfVl (Jjjl 

Euchro 


^ JU. :Hetero 

4 — aSta : jUilala — UJU g>-aLkl) jA j tFeulgen l»^>3 

jjo£ JVI jiljj tUai jg--\^all Ajlu^c- diVi <ajlij 

A>v£l_jLo cjUli (j a Aj^Lallj (Jai.-lll £y* Ailj^ftlij 4<j£l,l]l AaiaiAil 
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I Mjl l (jj£o3 Aajlftll Loi — I 4J-1] Sa^ljll a J jAjulaj ^l_^laa A° 300) 

^ — 3 Sa^Li* (j£-<Oj — Uabajl (_L*jJai j liJJjJ (Jai A>a£l jOaII 

^ 3 j fl > ^a l l Claj ^9iV*rt Aojloll Uol ‘AoliJl ^Lufljl (J^kI^o <■ 

.Interphase AjlliuVI 4-1 ^ja1I 

-la-jib J j — e (J — okall (JJjI_ajj£J 1 J n%]| (Jjlaail Ale. ( jAUillj 

0 

♦ ^jj_jAjj£Ll I {j -4 Aaulill AfllVidl ^3 C-ibookll -« wl jojj — bjj^ 

djbSlaj tijLojjj^jj£ ^ ^Uil j ball aajj 

— 3 — eljill ^Ijji o* * jj£^» Sequences <— il*aba qa Ajj£-a ball ^ 
. i jg Ijj V — ael jSII ^1 jjl uiVl Sac J-uijj — 

taj j Jj ■^C'J .»^l j S ja V] ^j^l fSUall 

oa — au V Lo laAj — ^1 jjV ^ 0 -4 * * 4 1 £jba j^ie ^jo^jjui ^baa (JS (jti 

Uaajj JU-au aa lIjIxjIju (J -lc ^n^ll l $ ^Ib ^Ull jil! ^iljaja^ ale 

.jjjLJI Jj UjIj^jj 


:L$ia ala jail la$J l-ajU^jII aae ^jb aij 
•f j J* JJ* ~ 1 

.^Ijo^VI fb-iSjVl J la^jll f J j>* J ~ S- 1 

,tl£bl*Sall Sale.] j Crossing-over Alabin ^ jja - £ 
. Aj^o j j jiJ jll tlAiiaJI ji b^ll jl Aoj-L^JI t-_u£l jail "AjLh^." a 
tlo^jll ^3 Ajjj jjJall joe (ball 1 " jlx jbjl A=kl^pjjl A £ - A 

. (JjaxuiaII ^3 (^1 jjVl jjlaal I^JLmu^uI jUaajb { jjJabbl 

.ball Cx/LiaS lejj {J^jua ^$3 — jja ji Aioiaj Aai ^la*al “ j 


36 



.A^JpUl aI&I dlU; V iCAiJa _>ll oiA ;> Li J J* 

¥• 

- fio*j a 1*JI (_Jli jjII CjI •XjC’ (-ji)^lai 

i till oj tliljlfj J telomeres <•— >1 jxajlull j — CoU. AjJc. 3 a*J 

,dAJ^A till A llLmx ->*r- 


«Barbara Mc.Clintock liljuiiK tAL o jbj j 1$j ijaJ Aj- 1 ja 

(4 lull 6,S A ' 'f- < dlL» j J_^4J jSll i— il^lai (jaij to jill tlLaj 

»■> A tlljL_S c-lj mi i _) ~lV 1 ^ 3 a ^l_jll t jl j — mqJ^U (Jaajj "4fli,n‘Art" 

a 4 » l-i Qyv ^ A?> J**k t.r'l tllLd^ 


^a — c. ioa_j^a l_\ j3 di! j djljLajinil ^jl aISjc-VI Lo-«j 

y — 9 lllll t-ftC-lloJ J ilia]!-] A^-nLaJl dlLaJ_^jt A£.tlaajuJ 

^ — 3 <J-al £ <j£ — A j iajj — HI ll. A L_u£^)j ^»jj V dn~iJ — ^jI$a]I 


■ fjS UilX fjjjAjjfr 


(J 0_^)J <1)1 Jt jlju 1 Jjall t_u£jp]l 1AA J2 kJ ( XaXc. AJJ^ I j 

. A-illlLa dll Aj*.j AjjA ^ylc kIjIajjAI 

i—uSljpil oAA IajI^JU t^AjUa jll Cal 

A-idl Exonucleases jlA£j_jj jj£y I tliLoj jjl <j-a AjIa jll :Vji 

. A^aJAAMLftll ball dilaj^Tk tlLilfj 

.ball (jx» (J _)iJ CiIaj^zw dlbl^ill oAA jl^juajl qa Ajta ^11 iLillj 

(jjA A— Ij lu kDj (S jj — £A a11 l— 'L * \ \\ i_il^lal C_fiC.Ujbj (J^mU lljlLj 
(J— S ^ . . V . J. . nV) tlll^j (jU t Aftlli^ll oAA vIuaII 1a]j — IgjjLuia* 

,c_ic.ldi^ 


t tfcl ^ — U ' (J ^ ■ ill lAj! j. fl <Q-v iC. t ** il ''S-J ^ 1 
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J 4 ^ 1 11 UaJS . Wn ^ill t" 'I >c '.o-v .Vin tljLaj 

Vj ,<X4J llAiUjJjll (J^ >*J Uoj U J^J Cjlj_£uUgJI L_u£^p 

45 j jil 4— fieLlaJ LaS , I^jLjjIAjj <.-<1 lOja-w <j£ .\\r. 

^JalAa" ji S^)J.» will ^iatLall (jl ^G. — j*le (jj^al j!La jlG 

- 200 Jj— ku ^ i Jx^>ljlJl jjc. l-uS j^l AliUll "Okazaki ^1 

1000 — 2000 ^ 1 $-AjjIAj Ale Jluj Lajjj — 45 jili OUlua. ^ SAjjj 100 
^J) SJH-ivI aAA Ale. tlaj! tjAil L_u£^p 4jjSk cJISa i—liuj — oAJ_p 

.(^SjSaSI 30pm 


(li> j_^]i 4_niie *^ c ' j^° <_£A> SjaII 

4 aiiJ! aAjC ^yj^, ^uuiiill AjIAj Ala liiljj . A^u^lLail ^3 

^jj dnaj tl^iju jjSI Ifi jjAa t (Eukaryotes) 455^1 \ 1 * \ 

tal -laJI SjjA (j -* (^C-Lul! AjA^ LJle) jj ‘ «a3 Cj3j ^ -kuVlll lLiSa^J 

jl 3JHVI) k. jAlIl kAa^oll ajo3 4 _Jl^L=». IjJlll ^ya c_j51j3jj 

1 aS djlc-Uj Sac Jc Alajj i (Synthesis) S a joiSS SU^all j (interphase 

4ju-ali — tl) lo^Li, “ ^kiAj .^LoiJJjjjVI <■** elil 45_5lu i 

J jc. <(f St gap JjSH aj^ill 4>) Gj 45 aj 3 a ji ^^iaj 

J -G 3 iL3a 11 t- _ jj£jp Ajju tUal . IjAll L_u£jj (Jj3j (M) in} Vi 11 

A jlA 11 <A SjjA SI 4^>oJ Ia^Jj . lnj . Vll l 4j J > a j G9 _jA 

SjjA^allj 


Gj — >S — > G 2 — > M — >Gj 

lg_ JDLkj . J iakiuil G], S, G 2 L^wSj-aM 4^WJj 

. 2 akJl Ale Metabolisme 4^^' cAAag L_iijlj 

1 

4 ^ J ’l l t" ' 1 • 5 5^1 ljLiA jAa Aj& Ual -«. 4jui 
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a 1 1-*\ \S tliii .Jlaala^a Ajdl\ i— *£> U /v i \ l A 2 ^a 

J.H. j>LL-j *.£ Uijc. iVicia faba t3j&\ ^ jj^ J 0 1957 

diliiLji ^jIaJ SAa iAjfi]l jjAa* C> Uilik. £ jj j taj^cLuwij Taylor 

Jauu j]| (jlSj — A*d^p j cillij i 3 jjAll l> L$) 

dJ ue <Sj *11 oaa ajuj - ^d«Jl [ 3 H] Thymidine (jj^umll 3 aU 

^ij^I J ^W ojl__A J) — SkJ da Jolm j J] diiljj t j jAaJ dlLljj 

uj — £ lAjj ‘Microtubules ^saII ujjjLjVIj <3 ^^ ‘Colchicine 

^ \ SiJjtt dA ft J J JX J J$L11 (j! iAa mil diilSj » ^ In j-dll cjUlt 

4 Anaphase jl aliS/l jl h> .. jAMI A— _ ul^oli (Jas Aiillall aL*. ja 3I tj_L^c^ 

- J S^)jJ (J £ ^3 ( dlLo - 3 AC- (j^‘ ,n J dlflC-Lja cl A^ J 

* 

^ — -3 A L-qIaH dAicAi/vAl 33c. A3 ^>xa ^ya ioj^cLuiAj jjLli £)£a La IjlAj 

3 j> **' i .j ■ oil) A-ijIaII a!^_^a11 f.±} — £)jajAJjll (Jl^aj jjj tA-iliJI 

^UdSn fjA hxjj 12 Lfj ^- j <_£>^ dul£ <Metaphase JliljUi j (Mitose 

4 — ^ - ( <« **■* & » Centromeres AjjSj^ dUi d>l 5 ) Chromatides D 

* 

(jiWJ A3j , ,. 1 A£a>j la.jj 24 oijj <j£ dul£ t AI^^aII tjlfc 

i*i a l->- i£ — lIaII 1 jail ‘{jjalUwlI 

or — 9 ‘AaJjil £jjll ^ QjxLill (j* <j£ "^uld" <J? ~ ^UuiVi 

* 0 

lA_^kl j l a fljjj Aakj tAixjAll oJA AjI^-j (_s^~5 — Tj A*\ll Ajjliii! AI^^jaI! AjIaj 

oicl Jajll [4 *ijj ^jll 1 $jIa ^ oAA dul£j .^JJ (JS ^ tlxdo 

— if j il l CiUttja% (3^ AjAjJI {J[ -ic. A^Laa ojjIaj Llu^a.1 A3j .J^U^aJI Ajd 

. Ja3La.A Ajjoi liAll L-AcLlIoj (_jl l_nJ | ^3 ‘ u 


^ — a^al^ Ain — ajA *aSI_— j * * J JJ A J (J— -dl Sj^SIaI^ dli&LJdl^ 

^ — 9 ‘Replicons dl — J dsl ic. 3 j^_& a j ^ j 

^Jal-- t d>lj jSjl n^lj aAAj — <_£ jj]| ^ Ijoja^ >ki ^]| 
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1 " • 

(JLjIjj! Aj Ale La) — l31LLw CjLijJ_^OJ jSlI y* 

•U J* A ^> f JJJ^JJ^' 


A_— IxA — ^ jlA.ll l eel ddj jlwiflll Aj jj j>Ja uLjfLlLj_^l oAA j 

* # 

SlljlAjjill l^jj 6,5 * lO? £yn LaII (jj£jj ,^k ^LjSjjjjAII 

tiil-ij] 1 *jjj — Ajjju 25° 4AaA}]1 oAjj! 2600 LaII L-ieLioj <Ja*-o j 

a*1\ LaII e^j^“ y LajJ 17 1^2 A^J A-ieLjaall 0 A^.1 j Aj| jjji 
^ AJ^L-ku]! Lf-^J •••(*_& 8 l/2 Aj]i tjjUlI lilliA <jlfi 1 a] Lai 

A— _jl 7000 j^JJJ *^all £) <*3 — (JlaJl £ilj jA Lafi — vJL-alj (JjISa AA^lj 

.AjjLkiU-a tllliLiUi 4 jj^AxJl j^Jl (Jjia Cff^" l tcA^A-i* 

Ale * V cc.1 ,->nl t jlgjJ 1 l ^ J^l till J a J fl<v AjC- 1 JfrLuajll * jlfl llAjjfLa 

(Jl j J V A JJ^Jp (Jj3k <— iLajLtAl! J (JT^ “ AjIxj]) JJJ^ 4(_J_jll! CjUjIs. 

{j-ljS/1 ^Ijll J jA ilgjljjl^jj (jii <jj 3 teAjA^-a 

(j — 3 ^5-ljS/l A-L^Lill a^.jjj *y <5 4p 4a ‘LaII aj! jjjUuljj £jji ja 

^ jA_1 j£ jp-i-dt) (_£ j xjaiII f t ^ — 13 iy jl jl__ , /ijl jj]l Loi .el jlll 

aJ ljxII Ig ll - (Chloroplastes CA^bjjjKlljMitochondries 

1 5 j a (J gjAll <Jj5jII ^ — e LineS/ 1 oaa 41ia 31 AieLjal yc. 

.^j^al j j}?’ *P 11 (Jl3- ^ J — (_J jilt i—ieLjaaj AjDle 
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Crossing-over <UjLa 1 |j Linkage biujil 




L *j J JJ £j| j <il £OJOJJ t jAla CJjUj Jj j2kj]U 

.dll (ja ^Ijji AaJjoj Igjc ^-Luj .SujLlH 

AIjjJI <j a>1 jj Jji c_Liu£i t^A* (JjUi jl j Lc^ixa 

f\ a I c j AaSH blurt < Segregation JL-aijl 1,iu jAj 

\ c-\ yu~a 4-aC-b dll j LJ^bji ' c L5k.j(^AJ 

l— **>K ^ a 4 {jjj <sAlc V J dkj f c.l^ di . % . Aodiv 

(4 LAall ^IjjVl t-. e Ii-va ^jj^abc. Aal^bAul (JaLo c_LAa£k! tla^Aj . ^jjalLaJl 

.^lAll {j^jlill jl iairtil jAj 

bjl^g— Inj t j jiil! (ji t^r b.n>dVl tjaia (jljjl 

L_jl£ J i^lAll J*=J Jj - Ua!^ - tbbjUil u ^ ^U. 

.‘Uuij fjjj^jj^ll 


tdl) jjaJl b>* d^xi) gJj^J (J^ (j^ (_j^J Uai^J IAAj 

— b dxl jil — aJojj ^>a Cjr bj (Jj — (JDIaLjjVIj (JL-aijVI ^ v 

*iyj> _^j 

tDihybridisme ^ — jAil £ jl Jill ^ — SlA* Aiiil :Linkagc rtabjjtfl 

jja. . .i l l (JaaLlJ (jb-aLiJI LaA j — lb* a I I ^jali^ll (_ya ^jbw j j (Jwaib dlj^ 
* * 

if — 3 — £uia J^i\j ailwi j oljLJ I by^ ^ bJ • j (s- 1 jf=dl) 

‘j^Jbll {JfLuJI 1 b,y" k ^ ^ ^ (Jlilil {jAiikjj b)^^j * AJ l^J l &Aa 
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AABB 


x aabb 



•'genotype jljLSI 

Co&jP) 

gametes 

FI JjSN (JoaiJ jl jlali 


-Jjifcl J Fj A jsl {jJJ “ Ajjaali d u a'b — Ua.jlj Uil 

:(Test- cross £ jj>) o /uaul * 

* aa 66 33 — ® d <-M i^A (> ^alj 

| | — uulb iUal - ab — tiLi ^ bb 

^ ^ .1 fth.-^a j^Vli t Aa Bb — Ji 

c jSaj (j j&A * l£* 4 J] 

J^b WiA-u 


A4 BB x aa bb 

A B - a b 



A B a b 


AaBb ; F t JjV) tifaJl 
A B 
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:4jjLuo 4 umtju (j l fl JU b» jAj 


A B Aba Bab 


llllillll 


jail ^3 i<=kulaJI jl^abU 4 j 1 c>j 



a b 


I 11a 

±\Ji\ <> %50 

^ jfcUl* jji 

J 



jj«i F j —It £}a %50 
o^jI^ t<Uajl>. jfeUxa 
<&• 0 ^ ^ 1 ) 


lj^ C <$ <jVl i<j ± a jaillj 
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A C a c 



A C a c 
A c 



viyri i i*t ■ i 

a c 


1" Phenotypes jfcUia 


J Ctjuali 


F, JjVl d&A > 1^4 


^ C a c 



a c a c 


: JS*1^ tafj o^ij j: jlJiflj 




v4 C a c 



— t* J U*iil% ^tLIqVI j iXal£ Ualijj! t^jalajj^ (j lbaJ I (jjfLjj 

. J^kJ U - IjAU - |AA J ^ - OJjjVl 

<j— -a - In — jl;v . ( Al_^Vl _^AlIa-a (j-o %50 (j^a (jl£ V] 

(j (j imJ l (Jli Ualjj jl lilljA jjl Jjil! O^aJ Jodi ^Ua* 

L[j\\->y_y. (jllizJ] ^In .<juiij fjJjpajjSdl 

0 

.Independent assortment JL^aijVI Qjjlil V j 

ftA -A jjlj t^jUV AjjouIIj oAjAa. jJjill AljVl 4jlal Lai 
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diVI a. j jj& t Crossing- over . jjUjfl S jaUs 4-x-ui jaUIaH 

— 4_ iil'i-k 0A2 J jSa 1 1 )1 n> (JJJ -Lid 1 $a 3 ;,.. ). \r ^ j 

S.laJ J aaII dliiiJi (Jj^ na jj 4<hl3 <_$ ^.1 diVLa. <^3j 

V j t^jjj — ajj£H (_j — ic- U — uA^ J ‘ ^ J - a ^= k J 

^jl LaA iljLA (Jj 4^JI jJiiVl JajA ^ (J^3i tl Ag 

4^jtjj ^jIjIjSI {jC’ Li V ic. — <aIc. o^jjj-o-i — -LLli ijVI (J j - £3C ^J • (jUaij - >A 

%50 (j — a JStj < Oalii-A]| 4_ull^ll ^UjaII dll 3 ^LaaVI qa %50 qa jJ&t 

. jjjjVl ^£1 <£Lo1a 1I din >11 Qij toJLjAaJI ^ A i^ a^Vl dlj ^LdoVl i^ja 


jl^al j — dlh>]l (jA Ju-itll jj^pJI Jjc j 

(_j— j^p»I li^J d °L i^l Ll& J LS . ^LuoJ dil j 

^jjillj LaAdJ L-UXAJJ — (jAj>JI (jli tA^lc-j ~ clj^jul ^LoJj (jj jujj 

tjt (j — lc. Alleles (j^a l . aIa — _p»yi j 

L. a*s . b j AjIJ ^A^j] j ^uoas * ^Lll L«t — B ^Ajoiil j t jjLull J jV I 

— 3 1 llS j 4 (jJbjjl AoiiC. (jjl S^lla di*A iA^-Slill L_lljj qa 4 a* l L A^j i 

<^—3 LuS c^J^LLjoa — ^JlaJI dAA ^3 — {jlu^Jlj — (jjjl^Aah, <JL^/| 

AjjooIIj <S ^jIjuII ^ja^J\ (j_jill ^frlaj ^jAaJl U^ Cf^ ‘^LLaII AJlaJl 

.s (^ a jj aI i lf m 

u-Ap 5 — l? OA^ 1 pi-i^ui AjLiJJ ^jUj Air. J 

jA^ij (jjiil c/^Li J 4(jAjLdA t-lLi 4 (JjSn J^ll (JjuAaaJ ^ jjjl dajj 

I ijL — JjS^I J — S- 1 ^ A — (J^Jl ^ 4 Lit -uju* 11 

■ oJj^.h.a]I 4a3j1a 11 t,.luijll J 

.(JHa Lijjli l_uj^)-1 :3 :3 :9 

‘(BbSs) JjVl (J^iJI <ja jS3 qu fj\ - ^jl Jj]| cl jaJ j 
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t_J -uUJ jUj £jjl J~aaJ lijji t(bbss) (Jjja. Yu (jjjjx-a Cjlj ^Ij 


d* bbSS x BBss ? 

JaJI jSI 

(»-“*■ »*■ 


jljl jL»P jl jUiu jt^p 


1 . i 
<J“) © 


\&S ^ 


Jt jl./> J OUjp + ^jL*j |»-~«JT 



(5 1 5^55 X 6655 ? (-UjaJi]! 7Tjlj!ill 

//V. 1 

( 0$D© ^LauaS^I 



bs 

BS 

BbSs + 

Bs 

Bbss (jljluiu C&F’ + { uai ^ 

bS 

bbSs <j\j\ cjUjc- + 

bs 

bbss Oljtuiu oUjC- + J$*J 


gjUl JJrl it jil 


— uJlill ^ylc. — ^jj V dlil n-vll lB * Ala'll (ji ^».uK\l {jmj 

(_$J — 1 J ' jj_c-; . CA a j j jaj j£fl Q* ^Ijjl Cff Ic- d^l£ J© ^ V) 

5juj 1 VJ ilAAic A^jj Vj tdil n-vll £jj t> 

SJ ^Jjlo CjljjaJI g\ j jJ j^a J ~ (>> ^jj 
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t J! j aJ I (JA AxJjfyl £7 IjjVl (J^ J& 

.^\v>)l JalijjVlj b l^Aj jl JiB f-bjl 4jL-a^i* ll>Uj > ll ^an 

^jjjj^ a u ‘sj s j bj b a£U 1 aM tiiiiuJi jj AiUja'y 4 j 
‘V O - J>H J J& ~ A-aj^S/l (JjilJ (jL -aai-lj Vj V IaA (jJjLuA 

-ij Sj (_g-"i ^ iv — J Aju*uiU _ys> 4 ^jAi^jlall ^jj^LlrklU j&j 

.4jajikVl ^k-ail 

4 AjuiaJi Ujlj 4 A (J_jia (JaajJ A^wjI_}aJ IoaS I il j 

4 (J .(jiaiiaJl J ^)Sij { jj^li^Jil S^ii-iaS 4 <J^L>j cj^ ^ejSIj 


— <- — aJ^Vl 4 4 jjjjL»j J ja! Lg lc> — (JjS/l (JjaJI — <]LaJl &^A yi 

<— il — u ^al AiuJ (Jj-aaJ ^jl ^laoioil ^rjlj&ll *!_»] Air - J 

<— Uja 0Jjaaj o^^JLoil ^tAafyl (JA 4«_ili*-ai AjUji jjC A^j\j vU3j^j^a11 qa 

0 

11£a j - Random assortment ^iaLocVl JL^aiVl uj^ Ujj tilljj .o^lj 

loliil (Jl£jiVl QA Jnj LaS 4 Aj jIjoUa 4 .lm» S^jS-Lali C_ilik-<aVl <jj£j 


bbW X BBvv 

1 -i. 

bV Bv 

\ / 

BvVv 

BbVv *Z>6vv 

// W 4 

(^(jE) (|E ) (j^) (5) 


Jail J 11 
^LulaVi 
:J jVl 

^LjoaVi 


:^-lalilcVI jjjla ^ 44 x 3 j^aII ^cjliill j 
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bv 

BV 

BbVv A.~v‘i>l + ^Ajij ^>> 1 % 

Bv 

Bbw S jjLk<aa <aa^i + ^Lj 

bV 

bbVv + J^uil |vuia> 

bv 

bbw S J4x«tfi3 Ajkj^l + 

**#& J & u 


^ j— al & — ic. - £jl if* - V i£a! jll t AjS V) 

tfi-lj y MJ !)Ua jjjj^ -IfcLio V tiiiliSj — <aJ^S?l (^LjJa tQjiiLaj 

y^)\ C-ix-aillj A,Tk‘i^Sf 1 I t—*fl*.<oi (jj (Jj — A.*!k foSf 1 

^... 1 & Jjj Lc£ aLaLu jjju-os 

(_J - » -v j UdA - v j B AjluuIIj (JLaJI tilliSj i^jjU^v>\<a V j b (jju^ll 

\ya iaJj “ ^ jVunrt (_)Sj ^1 <jJ ij^U bv j Bv ^Li-aSfl OJ^ 

: (^J ^ ^ 

jB 

:JjVl 0^1 

C^J^' £j' 


(bV)(bV) x(Bv) (Bv) 

1 i 

© © 

\ / 


(Bv) (bV) 


(Bv) (bV) x 
/ \ 


(bv)^bv) 


(m) (m) (^) 
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leliJ (JjJlzJl ( . Uri-v ^ jl Jill 



(bv) 

(Bv) 

(Bv) (bv) 0 j±uo3 Aiaj + ^Uj f*A*> 

(bV) 

(bV) (bv) Qjk A^ja.1 + IjJl ^i=k 



^ j >* xP r — “j 

CiL-blft E^ajJ 
(j—jlauJI q^U <iuJJb £iLiaJl 

ojb (^*- J >*^) 
d>— kj (c^JL_4j j! Jj— J) 

Principles 

of Heredity (Snyder & 
.David) 


(j — * ia *3 J 

^ ^g- j^jj'n-y jjS/ IjjSj -23 ioj^^All ^Li^Sfl 

# # 

:1>U6 LajIj anj 

6 j*_4 <USL 0^3 l y^\ .LU ijVI J VI 

^ v ^_a /l ^ ■& - *l_w~JI 

x-fe V] L^I3 *j- u^l 

.S Jjb tliVla. ‘^3j jjj^l 

*<Jjfyl (J j>ll QA tjjjjl £jijj 

£jl j— j) 0^31 £j^> 

i j\ *' - <ai AjuJ (Jj^oou lijli 

^j__JJJJ LftSi — 4 aV~iA. ^ l _ > jjSjj $ jl jft'j I £ja 

QA 
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Jj 1! j]| 


(bV)(bV) x(Bv) (Bv) 


\ \ 



(bv)(bv) x (bV)(Bv)' 

j // y\ 

(iv,/ (Bv) (BV) (bv) 


1 


£jl j® 



(JaLjjVl c> JL?) 


■ 

(bv) % 

ifUl al jiVl 

(bV) 

(bV) (bv) aJj^Ii As^V>l + 

42 

(Bv) 

(Bv) (bv) S jjU-aS AadbJ + ^jbaj >ua 

42 

(BV) 

(BV) (bv) aL^Is a^ wl + j ^jui^ 

08 

(bv) 

(bv) (bv) a J^aS Aikl^l + IjjJi jjuta. 

08 


till — iiaJI J— aS/l 0 J.l JaiJI diA - 

dll n> O— 4 4 dll liaj ^djjj (Bv) j (bV) aj^I jil 


Aj uU Jjl_ ->T) V *1 d *(% 84 ) J AjiHt (jl g dojj 

4 H iftll J ^)jl ■v’tll o^Atla] Uiij aiA “ %16 oAp^J! 

1 J .> jjUUr (bv) J (BV) ^-IdaVl yfi.fi j - Crossing- over 

j)*" s djL ^jSI <(Bv) j (bV) L?J^' 

.(i - c 
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A 


B 


A B 



6*1 6*^ Jl ” £ 

(a^j .j) ^IjoiVl kiiall pUi! (OA^) 


^1b >*Sfl 6^ Qj 1 : 1 V i^J^LaaJI 6^ ~ 

— J_^oA^a.j — (jlxi.t*ijl (jli&j . ^U ii il yi ^a l ! (j^J 4*JjVl 

.JjUBj jLiiSjVi ^Jll t - Luia. t^JiUxll (jliill LaA 

. ..,v,y I (j_t ^jUS SjojVi g. IL&I OJJ i> J ‘M^ 31 5Ji^Ullj 
Vj — 6iV>^ (^jUjjjoII 6"^ (jLiil lilliA 

<— j-ll! C jUjjjoII (J1 (J^Vlj 6^ VI gjjaaj 
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^iaJl 4 dl^^oll ja jlo*jjl A^aliJ £jl dl jlrtf. ^JJ oA 

dal , Vn ^ J (JLx Ail Ad tA$£lill AjLjA Aic t A*d-%.Vl (Jjlaj 

£tjl— ill 11 ^L dvJ A*J iAIIAj — t ^l^ Jalijjl tilligJS 4o.1j1> 

daL, n~> II — dl .. .j.lrtwJl iliti (_£liw “* j^jdj ^1 Ail ujimllj — ^jj^d £jl jul 

^Ldrtl <■ — altd ^ All j i Aic dlil£ Lrt£ 4 dliilljl (Jj jC* Aa.1^11 

Ad>l jjA l^i>rf-i‘l Al^ai ^ylc. — ^JJ^dll £jl jjll A*J tUL^a^ Ia£Aj .oAO> 

^1j — ^aLaj o^u-a3 A-d>l jjA _pAM ddaillj 4A_jxJ ^ x i Ck j ALjla 

A d.%1 <d_] ^pj jl AjjjJ ^utafcj o^Jj-a3 Adalj 3j A \ ! 

AaJI (Jj^o&ij ^1 4^JI jai.VI jmfliVI AairtC. <Jl)LAA — ^jaLo^ aLjAs 

u-Jc. ^Jj^yi ^_^iu all.^ 1 A_j{ 4A^Vl 6jUb ^UJl 

.A^ljll fjj>*jj£ll 

Is. “ aLLjiII £jl Jail daUirtC. — Vilurrt Ia] AjU 4AjjIj A^ali (j-aj 

/ j ^ £ 9 j5j La ^Ic. lA ah-v a i _ n.Ai (j£]j 4 Al jt '£ I Qrt 4— ili*-ai A*J_ji 

la jdull f l Jjl idaLipJI ^jAaaU jll AIaLlh (AILuA 4 AAx^all Ia^J 4(Ja‘lq (jjjls 

^JaLaIIj JaUjjVI AjjIaL ^Aai A3 (jlc. (jl£ I dLajJj-ajjiH Alia jL 

dl \\y \\ £ljJ j J & I j\ tdSjll lAA - 1911 J-Ull ^ 

J jll ^jjll (^1^- JaLtuiII .LIjjjVI dlj Alleles (JJfyl a&IaIaI! 
jii cAIaUaII 4-_id ^ d^lua.1 lilliA ^j^lj . dL*j jj*j j^ll 
jii aIaLaII (JLoaJ (jl aSIj Lrt£ — (j j=Jy\ ^lj jS?l j* (_J£j 4^1 j jVl 
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1 aK l jaSl JLi-lvl) jl - jk JJJA (jic* 4A^ ^LaaIIj A£Xc. ji t^l jjS/l 

.^jUaII fiiA JUu^.1 jJ UK t<AUi>iil o^a dj^bjl 

12 c. - jl c .jjA 2 m iA^ ±sS - Sturtevant ilulij jjImj fj j*>\ aa j 

(J ± - X fj j^Ic. tlaliiaJ! (>£«J -kUi jl <J« -Kill] l_s jU j 

JjUj 4j>a‘nto Jiaa Ai^c- tlsb a^A (Jo (Jiswjj Jjj (JjLull <juju 

4— u — 1J 1 tiiilj J - lidlj £JJJ U^jjM (Jo lK 

J >>1] ^ajlLJI ( JJjJI (j-aSUj niuij L?^) Sp <JiaJI iiwbj <$KU1I 

t j^L-all USb Uai> (_£illj (JUki-dl) ST JiaJij jij) Sp 

D (J— j>ll j — (eft JaaJl Sr J^aJI 1 » y*>j 

t^lUJI a*j ^ bl jj jjc, ( Au£Lq 4KUu (J£ji ^lc ^ ^>j g;iil <Kh jl 

.(Ijhll d ajjhil <ajuu11j aiU y* 

clA — liaJI ili U +4 tTest crosses Aauj^ ^ jl J3 CjUL&c. Ujuc. j 

^ — a JjUjII Jj ilgJuj Uua l$J (Jifi sr tSr j sp iSp 

J4-k Ua^dl Jjj £jl Jill loicj - %3,5 a j-ia. 

c-lijj — %5,5 (Jo ejJL JjUjII jlj <i-aUJI c )1 n>ll Jjj LLLujI (illlA jl 
^ £jj C 5 — U ^ CiLkaJi Ja Ax^ill ^1 jjVl jla cdtt ^ylc 
^ — JJjJj ~ ^ J -Ui tlslliaJl (Jal j£) JU. ^ij — 1 l^A j — ^jwl j 

. t , . *|l “ J • (J j ^KH (JiKjill JiaJ L' w^i-v 
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(2) ' ( 1 ) (_^i 4 — i— a uud (j-a j 

• 1 — lilt tjjjlS .ill (jjjlA (JM 

s P“r r sr “T“ a " " w , 

ox ‘t^y j ^ *\j*\ 

3t5*s 

3t5 A (Jj> tljUlj J-aaJl aIaju! 

gr V 5‘5 

f C5 lc.J - ^_bUo]| Ao-xaj 

(jj— & t JjVl ^jialjual 

5i5< - . *5,5 - 3,5 = 2 5^11 ^ 

cj<; »*n ju. 

^ D 5,5 + Aj__uu11 ^ju-oj 

t 

<jl ^3j .3,5 — 9 

1 J 4jL 1 > .ijt Aj^jaull ^3 t 

•9 (j — 6 2 — jjjs l$jl 8,5 

a 3 — it) ^3 t jjUfcail j-v i«-i!l “ aAiyj — j&> ^jllill (jj^J 

• 0 . 

.Two point linkage Uili (oliraJI ^ tjjj) aJUJI 

(J ! — . ry ^ tV) V “ <— ijUvJ 1 ^£a ^3 — aJjIiaII t-iuu <j^ V] 

.Alii UJLuull o3A dijl£ 

' I. J ■* • " 

i ,. 

(JS (J-ljjjj A3^iLu t_jjLau (j -0 Aaj*y | ^ulSjll ^jl ^Jl liA ^i2ij j 

•l£ j - ■■ •>' J] dp 1 5^3 i. i > fiVi t Alleles jjUiill t>i o^-jj 4-^ 

.3^1^) -yli Aayja^ A3 (J-aW 1 *jj L_£itai,Vl 1.1A (jjSjj 

(j — aj aIsLaII (JUj %8,5 ^iSJi (jjUa2]l ^ 

^jljp CjlaLaC. Jj Jjj La£ a itlAiAjJ %9j l^Ulj 

t ( j^ < i K a! jai Qii £ jl _£ll I^a ^jj j - "Three point" crosses Aa££ 

.AiaJjjAll jjUViII (j-a ^ ^1 jjV AjjoiaIIj 
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L>]s ‘c Qaj 

•i jft (j Jjfl — «jl) sp 

— 1 4^u}ll ^AOJJ-dl 

j— * - -Wo* J*j) S P 

UJ— ^) se 1 

^ IL6.11 (<&!.} jl UjLuI 

2 — j ^wuij (*L>^ UJ^-) Se (jj=X Ajjli* 

JaL— jjjVI l_ijIaj Cij^Jbl — 

roj Ro CilliaJI (jA jL\ gjjj — Spj Se (jjj jjUai! %22 — !1 4 jI j 5 
Sp j ro j - Ro J] <(^2*^) ro — s 0^^ q^j 

► i 

dJ — uj-^ ~ ‘SCJ Ro (j3j — AJ-ilxall (j-4 %31 La$ \nj (jUaij^a 

0 

- 1 - j$^yj %40 W- OxSj^q Ajjlxoil (jllauj^j^a — 

.2 ~ ^ JSalB ujjuo. Ro ‘Sp ‘Se ‘4 j^j]I ilil n->]l l_sjjjj ^j| 

13 — A ^jiuiSolj ,%40 — Il_j (joiiuiiil ^jayfl (jjj I_joj£ la^)3 tilljA (jl VI 
1 — Afljl — > all lloljjaJl (JaiIj ^ill ialiijVI <^J <^xj 

<C*L_13 1 & (JllLaSj — Aj-k n.a Allx^ai jl^alj iAiaoli, jl^al QU ^jl^j liii 

** m ■ * i \ - 0 * _ 

‘Sp tro) (se tsp tro) 1 jj— £ jj (se <sp tro) (Se *Sp ‘Ro) L-jUJ ^jljj 

:aJIj]| <Jj«aaJ tiliioj .(se 
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c>* <> 




1»£U) CjVAl* V 

r 338 SeSpRo 

(O^ 1 53,0 < 



^ 370 se sp ro 

j 'i dJ^Aa 

" 114 Sespro 

spj Se 15,7 ^ 


v 

- 96 se Sp Ro 

jIj—ij SJ_)Aa <jl>V jLl* 

r 156 SeSpro 

jac. v Roj Sp 24,6 < 

1 

, 

L 173 sespRo 

A CjV Ala 

" 46 Se sp Ro 

U-£ da£U) 6,7 X 


4 R 0 Sp »Se 

- 93 se Sp ro 

(Sp 


100,0 

1336 :£>*xd! 


J*Ui* 


J ■ — »J ifr! ^>A3k (JJJC- :i 
t>^ 

*«wj *VA“* 

(jjj *1 j — o. (jj^c. 

t>^ 

j^j *y*« uj^ 
(jAS. J^ 

j — jj tfrljAi. (Jjjc. :jr 

t^ od a 

* j— jj <jj J ‘WA* - uj^ 

(«.! j o'* (jj . J~ . I J 

6^ ‘J*J 

jjAik. * ^ ■ mU JJJ iluU- 


(j a (Ji^al aJl cJlaJI .^Lijjjj^ll Jjc JaLujVl i—ljLad 

isp tro) (se <sp <ro) jj— (se isp <ro) (Se <Sp 4 R 0 ) AJ — j] £j! Jj 
.(1923 Morgan <jl& j>«j Bridges 0° *(se 

(Sp Sr D) 2 — la AU] jjj £jl Jill c£j*.1 tLya. ^UJI (JWI ^kj 

£j! Hd! Cuj^ (sp sr d) (sp sr d) ^JAd! CjlbaJL jj£ij (sp sr d) 

:obJ JjiiJI ftjjljl! 
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tfiSLuS 

Jkkii) 

% 


o* 

jftUiAll 

aVi V ' ' 


f 658 

(Sp Sr D) 

tJilai-4 jjc JiJ ?! 

.L &±) 

91,1 - 

L 606 

(sp sr d) 

■ lib 

{oi^ 

Sp jjj CjV^U« 

3,4 j 

25 

(Sp srd) 

lib V t.bL%-4 t jj j V 

V «ia L^a i^jLub JJJ :uj 

Sr j 

. 22 

(sp Sr D) 

lib 

D (jjj 


r 4i 

(Sp Sr d) 

lib t bba-4 jjc < jjj V 
Ji L ‘tj— >— fj :£ 

Sr j 

5,5 

[» 

(sp sr D) 

lib < KVv^.a i jjj V 

100,0 

1387 :P>o-dl 



djt j] jl jj .^La J jjjjll Sic. ial-LijVi C-ljUkj 0jllu 

0 — J c.) (sp sr d) (sp sr d) (Sp Sr D) (sp sr d) <> 

.(1923 

b) <0 jial JJ-Sl (jic. — <J^ 

L-,i . JJ jp lijlij I j]i — ‘Sp J Se (jjjjfcilllj (jUj-aLaJl <ClAj 1! £iil ja!I 

g?L_9 ioij .a. j-a jJ__C- TO J Ro CjlliaJl <J_ul£ ji IS tjj »S/1 

^ — j cl*j — sp *Sp j se tSe CjUjoJI Cihbj <ilb ^ 

‘(J^l -ull ^iltSi ~ (i)j (‘“H) 3>iaJ jHaII lIjLqj tlLi 

0 «, 

L-jjjij — ^ oiAj — 15,7 + 6,7 = 22,4 (jic. tQulbJI 

ilA n-% 11 <iwulb (JlaJ! tilliSj . jjc. V cillaA <jlS jl Lua tlgjjij — 

24.6 + i ls — 1c. J * *-i% j t u A>/^ - (->)j (g) ^ ro <Ro j sp ‘Sp 

. . a >a \ — i jk xj <1 jo=Jj .Roj Sp OX 4 U<1 ’ 1 ^ 6,7 = 3 1 ,3 

15.7 + 24,6 — *Ro j Sp (j — oj o.\i v>.il .lie. (^)j (s^) 

ijk l$al& Jju frvj 4-mftj <^*al) ULc. ^ (%40,3) <iwull aiAj — 40,3 

£jlj^ 
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Ro j Se (j — jj 4 — IjLiaII 4 -^jVi Luiili.! 1 3 La1j <. tf\ :J jSj (JjUj c_jjj 
?R o j Sp o — Sp j Se jjj Ah UUl (%53,7) £ >^1 <jc. (%40,3) 

^ — 3 ( <JjL__daxAll (jSj ^1 t * n-v j — (jjajl >nll 4jjtSuJl c_Laj (131 

< ■ ■ 11 ^ ^1 ^a £-51_ja Aj^L) (JauU Aj^Ckj jj^o o3_^iJ-A 

i 

— Jjl— I j&a ( J>^v%j <s^c.ULa ^51 j-dll (jjSu LiH&j ~ jjjxi J3 ^1 

3=^OU AjIc. j - (j jc. ja>a 1I (jjj (jjflll i t ii>nj U 13 a j 

“ “ Sp j Se Aauij 

15,7 (sj Ac.j Aa ^all) + 6,7 (j Ajc ja^aM) “ 22,4 

“ Ro j Sp 'Uiiijj 


,. 24,6 Ac. ja=^a 1I) + 6,7 (■> Ac. _^ a!I) = 31,3 

* i 

” Sp “ Ro j Sp “ Se JjUwull q^LaaII (Jjuala. (JjSj 

22,4 + 31,3 - 53,7 


^ lc. ( 3jj jxl ((d) Ac. ja^aII ^3 A^jJJjaII AIjUaII ^jl ^SlLi \aa gz * ^3JJi 

(Ij^j — jcJ 1 j — Ro j Se (j^*5 j>dl jjUkjll 40,3 Ajj-lu ^plkyi 

j—a^-aII <jl -a A.'^-u.illj^ — Ro j Sp <j^ h w aj $Sp j Se J) jl ju£ 

Aj xju < _ s lc aj^j Ro — Sp j Se — Sp (jalhLiAll ^a > (j %53,7 

Ij 3j__SJ 13 a j — £ j^jaII jjLaJill Aolaj L- txjJnJ (40,3) AjjIaII jjlaJill 

- L'ljfi jpi \l I ^ j 2 aIsoIa G *F (E aIl^j CjLn> (Jhk ^3 IAaLxII sac. 131! 
( ^_U j* ^11 (Jjljall ^^a!\a JalxJ G _J E (j^J (JaLpll Ajjlall Aluull 
,£ j3^*d^ AjjIaII Aiudll <— ixjJg (_>«a3lj (F — G J E — F 


^ >‘f- t (JljlliaJl JaljijjU AjuaLkll (JjIIaHI jja Apatll . 3*J " tliiL Iaaj 

^Ijjl 3a.i'l$3A (J£ tJalijjl ja tw a ^3 o^)±aJ)!\ o3a (jl ~ La 


_jjll (31131 aLUIaII CjLa^j 
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lal 


JJj! djL— C. ja% a A- J jl 4^—1* 4jljj 


tjal jjjl t— Sjill ^ ‘u>ll ^iUall W^bjjjajjS 

j — A 1 jl — all J — ic J .djlAjjj^jjSlI c> £lj J 0 >lc.j 

— lalijjl 4c- ja > A (jjJ^J jj*J 

tia\jjjV) dale ja-% a {jSaJ 4gJ_>jlill (J*^ >^ C5^il bl 

* - 

(j_>— lal I jjl . o^IjaaII jjjlauli pi ja.j Al \ *du dV l^>Iaj 

<A-aliJI djlaiSdH tAjAAiaJI LpLaJI {jjA g J '— ls^j ~ ^-y-^1 

djl— AJ j_jAjj£Jl ^Ijjl (jx J£ 4uLi^a C.llj X*t idjLaj j^aj_£]| JaljjjLj 

-lai. LajIjIa) jA tJaLij^VI (j£l til jy .uu * ^-uitS lilljAj .23 —11 

(^yj — 3 ^ — I& A Iiaa Jalij^l lx. jAa a! djlliaJl ^la > (j_j£j dn.^i a Oal j 

^4_1 Ljljlgj V) (Jil« laa, ^JaLuUj {jj£j AIIaJI jl o { jl j^lc. .^uSjjuiA 

.... 

ijjj all till— jjIjjj t dj\__uj j j^all lal jujIVI Jbu— jl^iv {jl 3 ilj-d^j 

to^L_X. <{jj ._ *^1 4{j5_jill dalaliaai o^Jd-all pLjaC-Vl j 

.L^llajjh 

— {j j . JalijjVI 3ajljS {jli t^-ajilujA U-ill J&IjS ^lj^)l (jl IaJj 

um la -Li. ^jic — (j j-J)i\ ^ 


:^>jujuJI oLupJI QjJojZr JJLujg 

Lpla jjJc. ipAill tt-jjlaall djj^a.1 Ji3j :Aja4.h‘\JI U^LiJI (jAx^j (j 

. 4 — ali jj G. Barski {^S-jajU .£ jj I 960 lilJjj <j! jiill 

4 {•* *^ > 11 1 — (J— wi=w l^ti. jl^i-ojl tllLuij 

«^J “ Jauij t^A-nnWil L^LiJI JJC (_^l < CAa j j ja j j£Lll 

(_£ J) ^ J 7 * ^ l— t^l-g. — AfiaVI li— A jj ^ 
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\ — \ — ini liiii - Heterokaryons 

^ljjjoij — Jixll — Sankaryons c£jjll o-n^j 41 i>a 

ka—Ali Jbu t Sendai ^lalu> (j-jjja Ailnab cilii j tAjLudi 

Polyethylene glycol ^j^Ll^jil S^Uj j t4q>uianll < 3 ^ 

— j]j Lfj- I-i . l l (JjUull ajLjjj < jl^ajVl iaAjJ (J*l &JA j — 

^yic. <Ja*j t jjnl-yi i— sLui j^iiil ia£ j3 Lo^jc j — c_i^Lc. 

jl$. nV>l (J ^ uJ (jt (J^oia-ail (jujj ~ — La^L-aoll 

A sh-i a £ljji (>» J i^\j (j-a 0^4^ J jl j -^ rxC H tjSu^Jj 

4 ,V.a» A2k i4jjlij Aj^yZu t {jjjjAuCw ^jiniai jl^jL^ul (jl£ AL3 C IjiSLa j — 

• 4a vnll clil iiadl 

^ «✓ • *» ■ 


5ajl—3 ji < jl^-L-aj) (JLsajju*) fllfl <4ajla 4^a. cJ^J 

IAjl^j L-jlfu )S/ (iiij J t4an>il (JolLaall ^2 4juali 

(Jfl xjiJi < jlill djLo _5_3_J-°J^Ai AOuililj ^J^uull l^jLo jjLoJ (i) 

- a j II -uliJl iLgalc. j lAAnaa 

CaL..lnj V\ll -v — ijj 46 — -11 Aj^-ddil tlsLoj^j^aj^Sil faille (s- 3 ) 

4 1 .* j 4_ul jjitC' 4jb^l^ tiilij — 4 Vfo j 11 4 jl-ili 4 a ATiaII 4ailjaiiVl" - 

4 — <J—S is ^ “ 4jj1^*Il& 

^ an t46 it 4j^*IuJI CjLa jj^ajjlll Uol t4% uiVniuJl 4Ju^gJl 

* 

.UjJ^xjjS ^Ijll (J4J £jl JJJ 

L> 1 j t4 ilia. 4aiia> <■* AaYu] (jjiuaJl (jJ^aUail JjfL; 

.lailaxjS Igale. L_i^*ull 

4, OUJI (jc. <4^a Li. (J ic Cali j-v S! jig-iij {j^jj 
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dll ^ oil ^4... uj^jl djlial Au) jAlinxii ^JOJ 4ijj^]| 

“ A ftjjj- 0 "^ ^ Ij^JvA! die tJAiJa (4j^wul! djLajjj-o j^SJl J 

j\ ^jj^LajIlll <C. llk-a SjjU l£A_i. uiDA ^jic. (JduSj 

^ 5 — lc j - ^ — 1A w 1ft o jii j^ft jli UAJw ^Aaxul jj tThymidine kinase 

0 

AjsI J-O Ia.1*-Jj t^A_i=fc. (jA!Dljll j^. jA 1J>|j 11 LplaAl (^paljpil 


Jl =k. <^Aj .aJy> ja dijl£ AjjjAuII diLo j j ja j j£il (_^l JijAaJll tLdAd 


• 

u- 

jaJI 
«• » 

d e 

«* 

JU 

-kiiVI <alj-A Jj^iaAl Ajj 

i<A) ^ljIsA) 

<^Ac (Jjjt-ooJI 

l_£UJI 


-« ^ >° ‘(TKI 0^') o^UJI 





• (1,2, 3, & 9) 


^jVl 4^J| 





Aaldu 

AJn^]\ 



0.1_^2k J)A 

+ ) dUjjjujjjS 

CK»U. 

4jLjaLUjuba]| 







c^J 






J4£ 


21 

18 

17 

15 

10 9 7 4 2 I Y X 



+ 

— 

+ 

+ 

+ + — — + ~+ + 

+ 

1 

— 

+ 

+ 

+ 

- + + - + + - + 

+ 

2 

— 

— 

+ 

— 

- - + + + + - - 

+ 

3 

+ 

— 

+ 

— 

+ + - - 

+ 

4 

— 

— 

— 

+ 

- + + + 

— 

5 




«* 

.4 

jauaII AjlaJI £JUj Jj. 

la. 

« 
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4 \ rt > n^ Jt (jjlj 3 - j ^vuij 

jUjlu-uIj (jl ^ -|N,S) 4_u^J] 

A^UIaII CjUL-oIIVI 
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bj.uS.ifl dip 4 j1jjA 

tAaJj ibji&JI -iic- 4 A^Ij_j]I CiU^kJI tjjlkj 

(_ja ^3 t4a]j t a\ .19 j — Cj li i ^ Jl J 4 t-jV^ olC- 

^ 5 -^ t Minichromosomes CjU j J_^a j j ^L u u Jl J S j.>* ^1 diL 
s jj — i»Vl ai — a tJaiaa^j .Plasmides J Episomes CjLijJjjVI 

(j>i — ■* jll j 4 Ca\ uy Aj^Uj Ja jjSI (Ja^j V La Lga-aS « % II JS |jjj£ 

1 V^-adl £jl La£ — LlllljaJl (j-o dllui fiJID J ^TkJ i* U^. ) 4 ^$| 

• ' f 

tij “* Jj V ^JJjSJI jl - (jVl - ^-jjj*-al!j 

■» 

(_)A. j\ — (_£_^ill 4 ** j V| ; 1^J ^)iLui ^9 La£ ~ jA J — Ijjll Ja wt J 

elj — iil Aj — kiu dJ — ^I jj 5 Ilala iIucO lil - Jjjj U-£ic. t>u^3 I jjj^^jt 

CjLLi*. 4eljil! jo UjjjAal Nucleoid 

(jOAuiS Jl ^Vl 4aiiJl iliLju't a (J^LiuiJ jUa-uijlj U^)Jj£J| *L,' 8l 'j 

•uAV 11 OH^ 1 i/ U^jUAa 

L_aS 4 1 — Jji-I ^ l oLa. ^9 4 L 0 IA IjjO <■ 4ilili:>M o^lc.1 Lai 

: UPJ^ Ja^lSiVI 3-il^J CiLLdb. JLJ) ^ 

•Deoxyribonuclease jU £ jjjjjj jjj 

J$* (Sr>) 

ui -^ 45? AiU-^b 4(JjVl SJjaII (_> {jA^ill J<LaJj 
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>*J fJj tlx/llxVl (J^ax IaU — IjjiSjl 4 j 3 ^jIuxj ^ jJl 

.^kj^jbu 4_wjLul3k Ij^jjfull (jj£j 4fiA_^X_JJ 


Sterile X 


cotton 

plug 


() 


— Application of </c « LUI / uLcoll 4 j iVll a 

alternating suction J 

and pressure . fc , « „ ^ . 

cJS — uj ^Jc. iwijfjl uLutLoil (jSaj 


Cells of 
genotype 
a b* 


AjAxjI U t_J J ^ '1 *” — ^ ^uj j 
CjU£t2x^U fjtUI ^Luii 

sii 1x11 


X A — .JC. 1 jA 3 £- k-aj t— lj-y 4 U 

Cells of 77 77 Cells of ^ — illx-a 4 I JjjUJI ^ ^jjC jj 

genotype genotype 

0 * VX> ° ^ 1-Ag lu (Jjlabj 4 4_mxJI 4 jj£^j 1! 

•V. ‘ r * • >\ -V 

^-4uU 4{Ji jai^U (Jjli 4jJu cLic- 

V ~^ n^f i Iter.^ y;' J l... t Jill till ljJx 4 

| Sj^XJ Vj tilA— 

U vjA' :1 - -» t~j V »1_A yij - LiUJI 

CtodiiU f pi I oi-3» ( ’ ^ 

01 Axil y L u ' 

^_J jjVl Aj xjJj - (jJfil JAM 

3A—JAx 1! tljQa^laxVl (J-uoxj ^LoJ L_iUc.j ^_ui£jjA 

^1 — ajjjplJl (j — Jjla O' 0 -) Transductions gJuxll JaLuI! 3 4_LJjj 

.(l — — a> jvuj j) ,<jLj L J (Bacteriophage 

a — A c. ("Aja iiln tljVjxjll oIjAxj V :Transformation J^auII 

1 ^ 1 ^ ^lill 4a>aj^jVl 4alVl f*lh a“i tiilj Aic. Laj| — Ij^pSall ^l^jl 4il£ 

1 j’M'vll i oAl lIuau) a5j tljAll Tuiljll AxSflj AjAxJI JLOIaxVl 

a Aac. j ojj i ("Competence factor" "3 jA_Jl11 lUW ^1) 3 jaUII 

4(Jxl^a SAxj JjxjII 

^Jc. (JUilujl ialiu 4 <xjA j-<dl Ua 31 Llillj^xl ^Katll (Jjli Jalijjl — 1 

, 4jlA.ll 4 ^j 

.UaU Ajll JjUII jui IkVl - 2 
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(Jilixjl .1*0 teJji* ^j t — s U?3^ k — 3 

.Ajuklx 

^ r * 

.*1*^11 fjj>°jj^ ^ tS-^Y J ~ ^ 

."33 Jjklair AoliJ] tIj\.n>N ji ^lax-fill (jf=»31 J_H-^ J d+*d — 5 

,$-i=wlj o_^Ual AjauLLi* 3 j 2 (j\oi^.^y3l (JfLSo yi o^-ojj 

JJ^ t> <*3a$ Jxaj Lulc. Jwa^j ‘.Transduction JjLjoJI 

A JajyJ jj Aol^, (J^i.1 (Jiu j ^AoLui>aj Aoii. 

A Aixja AoLx <j* A±n>ll SjUil Jij ajII ‘.Conjugation (T 

L_jj J aj J^uii j - ^joilxa <_£ jiiw (JjiLaJ i_iliaJJj ~ ti ^oli. (J! 

•oA^l d# £j'Jp S- 5 ^ 4oM J] JjV I AoLUl 

(JjLall (_j>a (jLskjjAJ tllljAj 

A olwxdi AjRU Aojo^JI (Joajj Ao3j I^xajuaII (J^Luli ^ 

.^Uli QA As, ja^a 

j — £1^-0 <j__4 A_ , n^)£]l tIjLa_ — jwiljil (J-lljJJ Ao3j ’. ^j-\^all (Jjbj]| ^i_J^ 

.^c-aALali ^a.lill 


fjjiU (j-w-Liu (£jli o-Iaj 4A»o 




Ljjjjfuli Jj 1C. t." lUn^ll^y t ^ \W ^1 1 Ciliiual jxjl jjiu 
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l—jl.ll-0 uutall j — jll (_£ jliJl jj-ajjSJI (jc. (JaLuja (JSjaJ AA^OJ y| 

:%) J\ a££ 

• ^ lljjJ! (JiU C- (Jj^jolaII ^jA F (JaIjiII j F L— ll A aIu^LJI 

AajIaaJI djLuiJI Uill lIjUj^w 1^_i3 :R CjIajau^LiII ^ 

.LjjjoSjII jl f.Lj-^Si \ o a! > ^ a]I a j3ja aII ^isLsjtli 


^A CjljjjjjJI (JA £ jj] Aj£j ^aII Col Jj5i CjI A u ju£L11 

.AjuilmJl .1 l£U. JjSj ^1 Colicins uJxuJjijj 

. (J*\ /all Sjjfi aaa 4 Jjjj CjIaj^w c y5> CLllAAJjj^bl! jUAa. ^£ajj 

JAAAkJ j (jSaj Aim. jmlic. - EplSOmeS CjIajj^I 


.^- A^ i- ^ a I I f ^ o^^^aLg ^Laj! Aila-J — 1 

.CjlAjjjAjjSil ji aJL^-j — 2 

K12F ^ .1 (_5 a l & jjft ^ja 3^1 I^aIc. Ai j jjlaII UjIaj3^/./1j 

.X ^Ull 

ji z>-a djLaJV ^A £* jl jjllj (JaLoIIj (J_^j]I tliUlaC. 

j — - Merozygotes <— > ^ujjjjAll ^aj Diploid (JIjUjUj 

gj jLmJl j^Aj^)£Ji AaIJ C-filUaj ^ F>» a! 1 1> I *3^ o^iiwS/l sAA 

o^j — iaj <3— gP ^jLjW' uP l^J all 

CjIaj_3_jaj^£L .4-^.jAJja 

j jLAjl (^U^ 3 U^ pJjL&ll (jA oAjA^JI mUa^likVl 
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Lu-u*Jl J*a lUxil 


Jiia tillj J — AjjIj J*il ja iIj! j Cjb-L> 4 j\j>W (j^ajoij 

<j!axJ jjl£xU (ji t {JJ_ ( )juJl 1I jjjjli (j* £jljll ^ atl l CjLjIJj *<— CjojjI 

j4.nl *m> lb L !a*j - l^juJal j/» jjoij Uall Sequences CIjUuIju 

— SjI c. — Sjj^Vl o^a jjSjj — Transposons CjUjjjfuul jail j! Ala/nxl! 

iliL. jjl J j .laJ j2j j .tliljjjill (500 — 10.000) Sjjij-a 

— ii Me Clintock <4j !ml£ <ilL 1^-LiuSl oaj — L<£ (jjfll 

is—*j ‘Aleurone jjjjfyl ^ <xJj je cliaall 

j — Jjfc ^.IxJ j-aliJ! jll <aOLaJj — ojill jji.) ^.IJljjijJ 4a^jULll <LLilall 
jj— «j jSJl jLuiSjl c-liji i Aai jjj jll IjA jl <■* 1 j“inK til La .K j 

.Ajjla jjjjll ^Jj-c3o] 

:Tn 3 a — oja^a ^ ‘UuiiaJl juaLkll Jaj jc. £jLaj 

Jlj ji >4i lj^l j JS1 — ill f^—jjjSf! ?j — Sj t JjVl { jiikja jjplc. Jail! 

# # 

Cj — jjijjljSJI j — & l , ■ i .-i lk I — jjS J Ujio i <ii iTransposase 

— (JIajuJI j4«aj*J! uJus.ljJhTu t^JL^jall cIa — Cointegrate 
— 1c- (Resolvase jUljjjj) JjIaI! TnpR fjjjVl ac-L-us t^jlill aI^jJ! 

j — C. tiij La$ 1A (J£ c CfcAjj> tlujijiljSl! ( _5-laj *L&ji 

*(l “ j p^j) »Tn 3 
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Done* plasmid 


Recipient plasmid 



-ukJI fit qmW^ 


IAjjjSSjH CjUjj^JLuuIjIU 
(J— jOu A — eliljj jj i -dl Jl 
dil Jll — A jqjHaj ‘ d uu*aLkJl t* it i i-v 11 

J=^ JJ ^ J^J 

jj—Lull \jj l$J j -££uj - 
.R dl.^jAuuLil] £j^xJI 

J cA JjAll d>_ jj 

A a! ^jxi iaSa _Jajj V dil ijAui^l jll 
^jl .* > i i > V I aa (jSlj 

J ^ JJ t> 

<1)1 — 1* < JJ ^ R- L - J ^ a^iajuqUII 

lg A 1 aj tj ii>l O^C. Jl Jjjj 

* 

DUj j-all Jl < Proteus lPJPjj! H 

II < Salmonella 

* 

DU jj 3 uiUll < Hemophilus 

** 

•Shigella DUij iilj <Pastorella 

.4j^>ij[/i lc.1 J a (Jxwllj 

{J^il J dll JoJa-oJI (JLaaIujI J».n^ L_L^J Ajl q xl aaj l^Aj 

* 

£t__±j-«£iJ <^_JI AlUill 4jj)jS/lj dljluJa-aJl Ji <V]j ~ o^iladll 

! (JiSTuaaII J < Jillll a_asic. jl A_\jla 

Sjj ftiJI (Jaso : Yeasts jUdJ! :<£ Jl dUajav J <UiHall j^aU a Ul 

"St 

4i» 35 Jl Saccharomyces cerevisiae UJ j*a q ^. aj 


Tm 3 — II :1 — j ^ j 
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=5900 np 




if 2 tilljj Ty 


l! A^Ua 



Ty 0 jioJI jus U*J ^uaJl l-uSjoJ! :2 - j^j £ bj ~ Haploid 

5900 S— jI J 4_i > 

^ ^ 3 1 j^ll a 4jJa3 it— i_)Ia (^o tdilaj^ill <jA £jj 

•(2 ~ j j) •& <-i o* £jj 390 — 11 


a jc- 1 ~^ jj\ cA Mjjjjil! L 1 1 ^ jp *Ty 11 u — b^JI ^jIVpII A-Uujj 

4 jll cLjIjajj ; iAJI a aa ^jSjj — <s jjll 4j5jiaJl Retrovirus 

0 

3 tlilll IjA — 4j.lr>Jl Jju bkljj <ja U^Llajl <— jj£j£j 

Ty 11 4j ^ jA j , L-icLjalll t — i L_ij*j 11 ^sUali <ja tLo ^Jja 

.Pro virus ls^^j 

pol tgag 4 dll lia* <Ljj£j 3 JajjuVl i lLiLa jj£ j^jaII Lp j^'j 

jua\ — nllj .t_j!)iiJlj Jiaollj L_u£jlll tljbijj^il ^lljjll iJ lC’ tenvj 
ls — 3 P°1j S a 8 u A?>^ uWA? B j A 1^4. (jlu^k Ty ji ^jIa^JI ^ aIajjaII 


— Ic-j idlljLu SA& ^ 4<1ajU1 ^i-alixJl djJLXj tojill lliUj jj) lu ul JJ 

f^l la Antirrhinum majus fjhj±d)}\j Zea mays ajill oakVl 

( j — 1 ^ Ac 4&±*±\ __^j-aljxl! (JaJjujJj — DSj Ac Jill ^yiiaJl 

4^j1 — ua« Ac 11 (jl j^Uall j — (JjIjujjII <ja 1>j_) 4563 

0 * 

1 — ' — Cy* 1^9 i (j-lll Ds — 11 ^j-aljc. (_ja (jlc. <^_d£j^11 

. c_u£ jlll 
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A ^ Ac ^yijla^ll Jaldol! dajj^j j 

• Ds/Ac AS-J AT kA jt jl j_jpul JpJl ^_c. Aj 

^ ft iii]j-Uj]£ cilLo l j i > ii 1^ 1 pul ^pJl dp A-C-^aPlA tilLiAj 

* 

— i*Ji {j — &-£j - Suppressor- mutator a jILia!! - ASuJall Ac. ja>a!I 
d) ■ a ^lj_)l (ja 8287 (J ^ ijj Spm Ac, ja ^a II aAA {JzJj aIaL^aI! 

t • t » 

u' “ fjj J — *JJ^ ij a <— JU. - (j^AJ iUJ j Ukjj 13 

• cJ icLjaall j£l^p£ Ai.^ CjIajj!]! (jA Aj^d) 


(a) Spm element 


8287 np 

i. ... 


13 np inverted terminal repeats 


^Lualj*J| Lol 
— CAo3 t aJiu. *4a11 


(b) dSpm elements 

tTVjf&i ' ' g g ^awe^f 

iiflllt Wiir'Jt . ... . . .... *•' -^ '- -■> - v -A- - ■«•* j 

WWStS.'SS 


S g w j p .^ f w r- .. , ... ... -, 


A_l 


j — (j*j ‘dSpm 

ti 1 1 ^>^>11x11 (JA 

m 

Cil •» jljg (jA Iaja3 (jV 
^jxj Iaa t- Vk a5 LjaII 
4 ^-aj - 

L-i JuJaJ (_£a]| Cl3jll 

o * DSpm — H Aaa 

j]Li _piaj Ia 11aj .AaIj ojjjajJ AaiJj V AjU jSHaj i na. jjo*j 

.(3 “ j ^ j) .Sjill (jJjlill dyad 


AijlL jj*aUft <-u£jj :3 - j j 

5 j^il AJilUli Spm/dSpm 


Ac 11 jjualic. JoLuU (j\ AajA^JI (JjiLkjil A3 j 

CjIa j^j Methylation — *J j\ J — jjaj jjjIj C^Jj Spm — 11 j 

J Ur^ Iaa 4 < 2 jL^jV 1 (jl ^.lc — UaII CjIajIjj dp a 

j ‘ -.1 'i* II dj A dllc. ja^XaII aAA (JaC l-« i AaI^U LIaj^Ia (_ 3 AJLJ 

. aIIHaII 
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I 3aA 1 fc J&i dbl jj^Jljjl (jJJ dUjj^udljJ 

Ja_uj4 j ,%15 J1 Ijall 4-lkiij l$-lS C_J jUijJ <jail J^llI 

— ic. X_ijjjj^l dlljjj^ — dljj 0 — 4 ci Jf— ^ 4 — 

Retro- transposons d-iobd jV 1 JllU j *->Uj jj^jjj 

I — « x % .dilajjjll 0 4 £jj 15000 j 5000 ij±* La IgJjla ^JLjj 

^ — 3 <5 — -jC-bd jVI j*-al i*JI {j-a j£ ^^iLj . juLaiil Ty — II JJ-alic 

t _ r AxuJ Qia^Iall ai& CjljJjjll ^1 j jl (j-a dltla Sac. 0 4 ^L}3j jjj-lll 

j£l^>a "(jlij Ig-jli 4 ?J J J"° ^ i jj-allxil eaA a=J jZ Laaic-j — LTRs 

* 

l__db t jSl^aJI oia . L_i^la J£ ale. Ja*-4j l icLjalil ^ia^SuM 

. a=J j oUkjl djla 


ts— I & ^ AOjj^I CiUjjji-uljj Jib £iUjSH CijSja aij 


dll a . jjj]l jj— 4 I ^ j j 3 L — J S^ld-call jjualluJI aii ^rnij . P <£.jax« 

0 4 L^.jj 2907 _^*-aLi*Jl J_^L>I ^Luj — e_ic.LjajII Ljla^l O 4 ^lj jl ^jibaj j 
£ — Idjj — a! a$j — ulaII y. — £IjaJ! lac. t cdicU ad ll ^ 'jJ l^a Loj tdilajjjll 
a jiall O^^I J-aij L dll j jjfdil Jill O* 4Lal£kJI jj-alinJl 
a — jji t_^3a*ilj laA Jj-oGlI Jl^. ^ij — jl j_jfuul jjl jSkjJll oPJ_)^ 

^SUall Jib jil £daj Jj Alijj 


£ a t jl jj l — tri l l jilt ^Lii] ^ 5 ^ ^li .LiM jA-alicSI Lai 

“ JaHJI <ulac- 4-aj3dd ^1 <ju ij Ajjl^ull i" \\ » tlT)! ! a jy j 

La 4 jl jj^I 4edia]l a J a^wlji a^ j->. /■' bjb 

V 1950 ^L_C. J__a Airmail dUwaVl o' ^Uj^I duil aaj - rJ ^\l o* 
L_lji aS ^j-iaLaJl o aA o' J^ I^ 0-4 P _^all*-SI o^ ^‘r_- ^ 

.(lia^ XiSjjjjall 
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:j $ buJ\$ cUlj^JI \S3 cUaJuuoJI j^LaJI 


(jj— — 2 dl ill (jx (Jalill dlliA jLuiSIIj 0 jilall 

1 ** 'I - <oll (j-a <*jwIj Ar. A Ale. idjl^ilall (jc. <ljjuiA 4 Vnj! l >. » | | 
(J j)> (jl tAllilall ^ualuxll £')^j] L &llS a ^ Ic. l—l^Uul! . 4. I jl>ii I I 

(j a AjAaII $ dilij . jaL UjAa. _ £^jS/l { ^Jc- — j& i jS^ull ^ S^iia 

^Ualj'i/I 11 a (JlLj UaIc. ~ jjSaJj ~ ^UiujVI (J-jAA idAjj j^luijl jull L-iil^la 

jaL^Hj “ <ial jUll Cjl^aUl (j x jjjSII liU-a t(jj j^ouljuil ^-va.n (jl — 

CIjIa *4 — JJ^-ll £*lj — ^ — 3 tP _jj-sal IxJI dL^pu >V- u* i *\%j La I AA jjl 

A., Unall 1*JI J > iiS 1 1 aS < Ulus j j j jAlli (jx oaLUI U_j j_j-cj^)Sll 

^3 iP ^j-ali*Jlj idjAll ^y3 tDs Jj-ali*JI Aic. Inj La lAAj * f J 

(jlA £3 1J dil jl * \)l I (_$Ajp (jl (jS-aJ tjyulUJI LIS ^3j — A £ Slill 4 jLa 

(jl SLoL j S^jIS CjliUuSI .l^aUajjl SaUI j 4 _L«j j^cj^)Sll a aUII 

' * , 

. 4 ia j j jSl) A juS^ftll (_yi U^a l_JjA L 1*1 j (jl d-llj j j j U.ujl J^ll 

4j koull SaI j j JVI (jSaJ t^)^al.i3t II (jx 4j-^U 4r_ j-fl-s. ^ ^ (Jajoll ojLLjj 

UlSll 4 jn-v 11 djl^jjill! aIiHaII j^LuJI Aaij US — i“]l^flL»U a j •» ■ < U I \ 

.o jjLnall 4 jjjlA-ixJI 


(j_c <J 

JL-acI 


II <.ui.Vig.il IJUi tljl jAi djbj j^fuul jull (jl dllj jjJ] (— Ldal 

,4jjjJoji 1I ^LjiOU ^ n-sll jjjilll ljjUj jjA UxIa Viml (jS^aJ 

JlL-all a jjj! j (j .—iy JS1 I jAUxaII ujUj ^I I jjjj uLS 

J 3 ^1 =k,lAj dlliA (jSlj . 4 -iIsJ I (JilA diljj->ll (j-a CjIjjjIj 

. Lj^v *\\ j 4* i il l ^a Uc-Isjj C. An >11 

l LaII (jxi Ic-Au — clinic. Lull IgSlkii") ^1 (jjjlall Uu 2 w (jx tLal 

!U 4^dalj jjc. (Jl jj — (JSS lAulzJli t(jjJjjJl ^l 
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6—“ p)j3 ^ 1 c l jj l'V-)! jji-all Ax^LlaII jjl i A3^*j Lfl (Js J 

tlaj — ui j *^3*. <j? Transcription «d*£ i4*j\jua 11 Cjlaj^ill 

^ii^a cs^J 0* aajIxaJI cJh? mRNA cJ^Lill l-j^l 


. CjUjjjjJI 


qa 1 Jtjj i(j J ill clitrEa^. clituaJl jjl uj jjxaII J 

CjI — jjjoiVl (J — C.j£ a^j, ^4 jj — C. CIjUjIjj Clbjlaj 

Cj 1__) j^c. V Ij oL<i— _iuuJlj ojj — S jJ! a » >\jlu ! I Jju£»sj ^ j ilntrons 

•Exons 


Primary ("cIJjjja*") A_ioi _ij £e»mj (j!Li ( _ r lc. CjI-uaJI o^a ^Ij jl ^.njjj 
Heterogeneons nuclear) hnRNAS J pre - mRNAs J transcripts 
^ — c.li Cil — £ ja JS — i jj — lc tljUjjojfyl 4l* j j3aj (jaj — (RNAs 

ck >— *-? cj — a j_ Ly\ 1 j — a £j£jj - Spliceosomes ^LjjjAuu^L^I 

jdaiJ jl jUiiliL ‘ *— 'V Lv 11 

tiljlnjjjJI Sr^JJ (*3^ ICjUjjjjjJI uuSjj 

a w J^C‘ (j jJ (Jclals jjy*- 4 J ^ujj) Lo ©jlc.j — jjjA 

_>4 JJ ic t^yalik J^-C. jj Jjjb jj La Ilia, jjl uJlaS tUl _^uij bt IjlAj — 

C5 — I J *uy^ <Ja J 

■ a J-btxo A^jb 


Polypeptides & — « Ji Al J a^lj ^ CjUjj j^J j j<~ j 

Uu3 <JaiJ ^aJI ASn^j I ^^aLa^/l (JA AL^la L— iLxjIjj qa l±l±lA j> jj£ L_jS^pjj 

~ 1-g — I* <J^ L ^l^y — lyjy-^ L-^Lx — Aju3j1 I ~ ^ jjj — l^iu 

•uyo^ c^ c ' 0-*— l>^j_^ cViVnalj 
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H 


H 


O 


H — N — 




] 


C — 
R 


t 


C — OH 

v y ' 


% (JS C-iliaJj 
} J^VI (jC ^yJOal 
♦ R 4 j nl_-s.lt A r.j^y Ji 


ji (jail qa Amil <*_iltjjj 
A ja baSf 1 (jiaLcakS/l (j-« jaSl 

tjjljLJJjJj-lll J “ Aj\\Jy\ 

a —£jji y — Sijj^l a. t-il’lj J iLb^U. A2J j Qii - 

.jjjaJi 

jl (jj^j (jlS^yia ^jli t Lmxl LjslaL^. (jj^iic. j j=wjl 1 Jiij 

jt u « CjlinJjj <jia! jail Jc.j “ Ca b/ijnl jii t> JjU 

i j'-J -^V 1 Qw^ 1 Aii^l djl a j\juM 22C- jjli . ..^-IlqI (j^o-alaa. AjLu ji (jaajji 

...20^® *20 40 ‘20^ I Jlj£ll Jc. t jA A Vs ^11 tlibnjnl Jl Jlalbj 

— 1 j.ill u In i,jj — ill CiUliAiv J :Transcriptions £-uall 4ala& 

■+ & 

(J ikl J CjI jjj jjjll ^ ’*■ I -ajj-i .AaliJI aljj >> — djl n%ll Jlallaj 

i jjj* j j * II l_u£jp ^3 SjjilaA ^aLuj V la^ll jj! — ^u^lajjjjjill 

' * - 

I jjll j A iUJ J-4 jii-a ^3 (JxJtJjuU Ij^ll qa lajjkia tillaA (jl V] 

£t_^uujj — ^c_uii]l (jjjla (jc. lilljj tJjaijAll (Jj 5 U lj jll jl mRNA tj . jaII 

(J__ kdj-all l__jjll t^cjuaill <i*Jj — (jaaJI (j-« l JJG- V t-i^lj ojlfr 

<->t — QjJjJJjll J iCilijjjjall 4-n£j3 j£lj* J] 3 1 jail (j>j AaiaaJI A>» jLlaII 

. ■*!) jjjj-caoJ! ajjal L« IjlAj Aadjui^lj j * i _i i.ii 1 1 

j$ i il ijll l_uSjj AaJLolj ^ill tPolymerase Jl jaJJI j^Jji ^ 

* 

.l_uS jail ^a (jj j JJ o& Sjlac. 
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jp Si t* <jj! tll3^}iaJ La j&j . S/l L ji Lai 

tliu, c_ifcjj 490,000 Aj jj - « jjc. Qa 


- CA * >j Jiwl j 4alax.ll sIa ^ .‘Translation ^ jlll 4 j1a£ 

•* 

.4 jlkll * ^ta. (4£)LaxJI tlibjjaJ ( j-a SAAxa tlale ja>.a a^ikVl aAA j 
jl 1 V4l ij -« — 3 3 » — 4k_jjjila b^jll (j-a ^jLai 4j>b ‘‘La^.jll) (Jajuijj 

5~3 till 1 a imRNA Jjaj-aJI bjll ^J 4iL-b*yLi — 4 oaj jj-ojj£ll tlibnaJi 

“40 j - fjjj — uj3t * j^. jA j - rRNA bjll j* talLj^ 

* * 

^c-l — uij Adapter Jj — URNA Jabll lijll 1 joi-wa LL jk 60 

till ijA jS ^ * bjbkJ t O-l^A 4 . i ib al Jal^LlI ^^Ic. 

0 

cUl S — \« l^rxa jLiol (jS-aJ <4alc-j “ (JjuI^aII b^jJl ^ l4_lC. jj 

. tllbjj j^ill (j-aj i till Amjal_^ll t-JjSjlI — till JxaIIj till -y.*\ \ 



LjjjSifl ojll« t>jy^ :4 - j 
<> AiiiJj (Jill 

AIxiIjI ^Liuu 


^-_a tdUjj^uJl 

cA — ai l t^_jill tlibjlAj 

^ ^ — 131 till UJ .Ajkll 

t_JL-iJl ^3 ” U jLilll ^_o 2 aa 3 

4__iLkl.il! 4 £ju 1B t-jl^la! ^ jic. *— 

.Reticulum endoplasmique 

.(4 - j ^j) 

— tlll___Aj j_JJJ_)lt L_klljjj 
%50 (j— * — t_JJj£i]l ^-lr- 
0 — 0 oj- — - OPjj^ t> 


b 4-a^.jp La lie. jjuiLuiaijj 
. Ifrllj Aie t yl AaTi j t Jabll 
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AJ — ^ iUS - jjjll (jc ^jjjJJjll b jJ] ^tJuiljj 

olj ill ^ — 3 *l$J Aic i^u AJ-uill oik J iJ lc. — Joj^nll bjll 

.(j-aLk LSJJ^ 1 J)1 4.1a ml jj a ^11 


cj^jxlll ^^-Ic- dja^ aja*j *1958 aJuj Crick <ibj£ (jJbjual asj 

~ -* <j — *J — (JjJ_)>dl bjll i j3 i <±uxS /\ j*vJLi Aj-alaJI CjUj.3j£]1 CT^" 

— 1 JjjlaJ ( A2k jJj Ljl! Qja bjl i-ma (_£jm (JjJ J jamil) lifc <jl { jl±l 

u>L^ tRNA 4 

lia! Methionine <j — £ jA&ll Sal *j Cjlauml jdl (j* ljI lAyj 

•Translocation (Jiftll ^-3 i'Uia.jill ^ tAjlbll oj lxvl l 

u — 4 tfjj* j ?jk d u^j 

.fjjjiij jyo JH d ‘ jaJl AjJIc. (jl ^C. ‘ Jjwi _y ill 


1 4 *jjVl .1&1 jill £jtL (j-o Ajj^j ^ ‘(j^dl i—ijS :4 jj 1 jjli SjLuili 

mRNA 11 L-iLlu£l £_AJ V^jJ^lull 4 n uS/l (jlaLaa^l £jbj ^^-Ic. (jl 

ji^ a o\ jill oik (jubj (Jx-ajj ^jll AjjI jjll ojLU! t ^A L» tAjijjVl oac.lj5j 

— (jj^j—Sll t—LUjJ jk Laj V4j ij-dj 1 (jia-fll jaJl CjU ATij t(ball aclji £jtui 

V^IiaI (jia-ol^. (J^J 4mal_iJl "AAl^il" jl oA^jll jkj 

* * * * 
t 4. ilc. j — Luxal -w (jj j>lc (JjIjjj AaswjuII AjLsC- (jl j \il l (ja 

^ ^ 0 

jj aj AjUjI A ^'uii j 4(JaVl Jc. bjJjS (jjj^lc Aja.j (_JJjJj-Iall (jx (jl£ 

Sji dJl 1961 4j ui tojac.1 uw» j t*Lj£ c iaj — ajjjj!! aIUj ^>11 ^ 

Cjliliall jjjSj Triplet J ^jIajjj j>a Ailjxll S jLUl (j\ Aa^IjII 

■» 

jj^o (jjSjj itRNA (JSU11 li jll i jal (j^» il£ jli *tli3 jll oij ^j — Codon 
^ \ jal i. n^jj t \1 K"j la^Aj .Anticodon bjjllall JSjij (jl £ J ajl>Ij 

1 j jll ^ £* tRNA JSLsB IjjSl dj jllill djUjj .jC^ 
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L-ijll J— ^ ji 13 a f - mRNA J-jJ 

Aminoacyl jIjjj — u Jj aJ j — IwVl Sac-Lu^ trRNA 

‘W — ydii 5 — SjjLJL) 4 ji I JjSjj a*jj ^synthetase 


JJ^ j 


t5 — a — (jjidij A*JjVl — t lll Ml a l l (jj £> Jj — i(U.A.G) 

•(6'"jj5-j^uij) .JfLill c.-ii,n % b^>]l aJLujj 


u 

c 

A 

G 


phenylalanine 

WfIM 

tyrwi/ie 

eytteine 

u 

u 

phenylalanine 

ten Mr 

ryTtMiM 

eyateine 

c 

leucine 

ferine 

pmctvabon 

pndimln 

A 


W>cmc 

wrirc 

f**d*ai**. 

tryptophan 

G 


Vrudne 

pidint 

hiuidinc 

Arginine 

U 

n 

Wudfte 

praline 

hiuidinc 

arginine 

c 

Vj 

kud»« 

praline 

glutamine 

Arginine 

A 


Irudnc 

praline 

glutamine 

arginine 

G 


■deudne 

threonine 

ajptrfgin* 

ferine 

u 

A 

■drudne 

threonine 

aipangir* 

ferine 

c 

A 

ladeudne 

threonine 

lyur* 

arginine 

A 


mcthiotunc 

threonine 

lyiinc 

arginine 

G 


mline 

alanine 

u panic at id 

glydne 

U 

ri 

enline 

alanine 

at panic acid 

glydne 

c 

VJ 

♦aline 

alanine 

glutamic add 

gtydne 

A 

■ — 

nliiie 

alanine 

glutamic add 

gfydne 

G 


(jiU^VI j UjJI AJL*i j ^ :5 — j 

Ifxiljj ^ J&Imo 
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i^j-LaVi dilj ^ A=Jj t'jlxa ^ja joS] <_jl i^OLallj 

GUC, GCC, ACG, GGC — > Alanine 
5JLj jll ^Ljjj icSJ**-al!j cS jAll ul* ‘ 

— A\\\a$\ (j^aL&A.Vl -i-Aro (^JAH cIi&aII j] o^iAll (iTlRNA) 

(jlal ,-.,*a%Vl Aa*l (jAJkJ J itRNA {JaUli lIijIIMI £-a dill 

c.Ia*JI (j-a (_£ jikVi Ajja-aVl 1 j^ya AluiLm £-aj iAj-alil) 4 j’n<aVl 

l ' j i j^xijJnx A., jftnj rRNA t ^lkoU A*j j — 

. c_j jU-i^I I ixaill i_ Lyia, ( Qp j^lll (j-aj m til j^ll i j 

~ ■ J jj . (JSjuJI I l^J-a^. JJJ I^AjuUj <1Lui^)1I 4jIj£ jj-ajiJj {j£-aj j 

•( 7 ~ ^ 


78 








































^Liuallj jiil j ^uuil <u!a& :7 — j ^uj j 


(j— jjjjLLftll Uib — 4 jhaSn {j^aLcLSfcVl Ail£ jjl <iaiOLaJI jAabj 

.a^Ij qjA£ u- 4 jaSi f Jk-u - Triptophane Jlijjjjjallj 

joU La£ ti.“ ilf.1 l ^i^Vl j I (j-a :4j IJ 11 d jiuili 

^,_.x4.^, b>— JJ <— iljab V A-diaJl ^jl cjjlaJllIj CjLJ jAll qa 

^ — 3 j — & >*11 oAg 1 c-1 ‘iVu.»iVI j . jAi LuS VJ J3kl j g? j JaC. 

Aj £j UGA UJ — ^ £*l^ji fiAC- J ^jbaaJI j 4 j^)Ai1I Ij jAjjSjiuil! 
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t* tjlltkll j ,j _JI : 9 jLuXall Cjj jilaM 

CjI j »m <Ij1 — j (J — inn itRNA Aiabil tlAiiaJI ^k ttlsl jaU! ^j- 0 ^ j j 
' a j tRNA L^bll cbjlljil (j-ab-fliil (j-ljVl jaij l* Ij’y) — 

•mRNA 4-t-oliJ! o^iiUI jl ibiELall 


A ^ 1 £. Aaii^Ji lIjUqjIxaI! (j jarkj il A iiaJl jIjiUl 

^ 3 tb J I j) bJI gi jjl - ±Aj Jai ^jJc. - ilAxjbj 

^ SI Ajii^JI 6^A t" ibbr, (_fj^jj — i 

ill a^l j Jai. gj-lc tAjubLall A.jV.^Vl jj a aLuJlwj^ tLsI JjqjuliI^j 

— Dajj J (jS-aj djUublll jji — j^aSS A.m>)l AjSIj^JI 4(Ja»j 

j*< < 1 3 ^CjI j ' j j^o Adi> (JLibubli — (_$_pll t*)b1j1-b gji 


.c^Vbbl 
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.lll lilaJ I ji tllLajjj-ajjSlI ^jlc. IjlaJ tliljjliJ ^LlSj 4i >U * till JJlij 

l l l j — jl lAJ-iC- ^3 j > i»*> (J‘ AS3 itllLaj jj-aj^jSD Ajjuiillj 111 

, JjjjuJl '-»w \ 1 L cl V<v ' Jl£3 i tllLnail 4 j 

^ajuoJi l oj^'l <J jj^Ja iAliiaJI tljUt«all ^ ttlll^)ilall OJ^ 

tl il j -aUll Sj itllVLa. I^Sa j . Jala-all j 4ln]l till jjxla £a ^j^laxll 

. c-lajjVlj JjJalll ^3 ibJ-J ^Lalc- 

^3 lln^k A)ni jl t. ijn-) (jjJ idil^jilall (Jj-aaj l till ^ftiall ^Ijji 

JL_J ui^JI JS |j] (Cal - 4_uUJj - *!LJ d^A ^ ^ ...lijJI 

iX J UiWnil ^jS Aju&\ j\ iCXy^ " S J^ r 

4^4 till— ijjlill iUjl! jij U^ll £-4 (Jc-Ujj ^lll tlAljluiSII tilliSj 

a" ^ -lj 4_uliti]l tlil^iiall <JjaU (jS-ojj « 4jAa-a tlll^^jilall (j^Sls 

4 (ly^ _yll (jiJ _jjj.a*iI 1 tl 


ja-V (jia. (j-<J tjllalj itlij^aJl ojJj 4_uUllSl tlil^ilall j 
“ 10“ 8 UjJ — a ^3 4^‘iill j bjliSbl ^3 tlAjpljJ (JjSjj . jaJ j—taJ ^jjJac. 

£jj/l(T 9 - lO - 7 ^ t^jill tliLLaa. ^ij . Jia/eJjj: £jj/lO _1 ° 

4tlil^_ .Jjill ^ £T JJ <— 4-J j3 (J^ (J-al Jjil CJ^) 

.(bljlai 

cj — * _,psi jjJ] ”s^>ay-ixfctl" ^JUall AjjLbaiil! tJ^ljjillj jjl^ill 

naJI tl i l n-> <j — a %1 J — till — ujjiillj bjfiSjll Sic. 


— 1 

Si jl .elalj 0 ^Ala CJ^ 46_j_jSiall J-al_j*Il ^_^)ia^x-all 
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L_il *-oJ (ji jjIaj iAjc^ jAyA (JS i^Ull jt o.li.1 jll LjjnSjll ^ja %1 tj* 

. AjIu^, A^.1 to jil-ij 

l a 1 jH&j .-laa^-all jjjIj drd I^Ia ja£l AjjIC. dll jilalli 

tjljlilij .odJ.1^. Ajjjj (JaIjC- (3^b ^-3 tA-ojUa JUil jjJJ ojLdJI dLj jdixH 

“ #» 

jl .ij J— Ull 0-1 «J jhi V JJ» ^1 JWllI j t^JAjjdll (jAaII (ja jJ-d ^3 

4 ajIIa j a Aallc. a^jj j j lVi SjjUall aj! jiAll dl jdadlj tChlordane 

..,nlK A, Jjjtll dl jl *^>a t^y, a — xJ jl l ,.a^ — DDT JIS dll JIII aII 

dl— JjdaxJI J-~i* i e-Ldall ^3 (Jj.l^Jl A-aj-iC ^ li-nj t£jlui\A jOJjluillj 

.(jlaljA^U <jjx4a11 Ajj^.'vaII 

t a L-ali AdSj Al UriJ u - E.M. Lederberg £ jjj3j 1 *f*d j$dJ ^Sj 

V 2 dull dilLLdud! jjl - Replica-plating Aaa.L>j]l a^jj^I! ^luSj ^aj 

■"'1 1 (J, j 5 ioj.il— all dll jilail jlllj iAjjIjjII dl jaiall (■ ^ id 

ji a * j 'l l ^3 tlAjad Ja jaSI L iaSall Alii jaUjla ^3 tA-allillj tdil 3 L>*a11 

. jjJUA^ll Ixuijll 

j i L dil jul a j _u 1 ^ iadoa I jAUxail ^ifr dl jikH dil jaala 

1(~- — a K l a n j i ^ (JlSdLi o jiS-all dlaiaalla V] A-mj-ui ^ a 

tjax-A idj-uljil 3 j£j t did jail ^Ijji Cy* aXaLuj (ja jjIa ja^JI l) 

V tA 1LJI o3A - jaaJl 1^1 jJdJUk Ijl^a j <— Oal o jilall jli 

J jc. i^luiyi ^ ^ jax. o jiUl tjc. ^au Udc. till - diualjall jail) 

.aJjIs ojiia — tiLui V j — ^ uol l^-ilj tol j-kll 1- ga C. ^aC> V A_i jja 

dll .pLaJ dll jjdaxJI J j&j — A j idla j olllu J] dll jild l 

jl j < j tlajdlall j diLajjailll Monoplo'ldes diUj jjajjIII 
.l^ia Liu 4 j1 jjjIjj t-s JXJ tA aj k Vi aj o^jUj diljiia 


82 



U — 4 


^ 3 V] <IjI jiUl j$iaJ V stllLajjj-a JJ^ll dAjjjJaxl! 

. 4 1 j l ^S] 1 I 

t" >1 'l a» u ^j__4 ^ o» 1 1 uj^H JjUMl A^^La ( — 

w l i-v \ _J— J ^ !ll! til jj j t*A j.La,a]l AjjjJI lLj! _ j 4 la l l ^yA iAjJk^l^jjJI 

•U^ Ja-mj ^3 AjllcJ Vj tLa Jaj uij ^3 t 11 

0 

;^Luisi Aj^j "AjaaaSI Ajinl) ujl^iiair ^ t « a"i j 

4 i&jj ^ "pj&kJr £i*j :Auxotrophic AjLlaill tiljila]) (i) 

.(...(jxaljjs i Purines ujjjj 

A^j.}] AjjoiLuiA CjI j ojaiax]! CjljjjJaJ«Jl (J*AJ I Ajjl 


■ A Iuuq a 4 


JJ* 


(Jl—ik t(jlu3«il (j a 1$j ajL-oaII (JLas iAjuLaII di jaLI) 

.Suppressor £jU ji.1 i y^. J*lc. 

el. ^lr. lA.ll 2 k ^ail t—iVVl (jJJ (j-* ( jjSI jjl 

SA — ojxaSH (j^aUv^Vl (J**iljuij (ja JJ*J Llll^iinll ^jl LaS .olxLsj Aj^JlI* tAjlj_jll 

.Ijpl JUjS/1 cJjuj^LuJI (jic- Aiiala-ftll j^Jc. wjiKll (Jaju <* n-v j 

j! tA — ilik AjI Llil^aia 1 * 1^1 J IA-uL±3V!j AaamaB uj) jilll) 

. AjjliaJl (jx Alik^o AjI 

^LjUUj ‘ J4 - Aj^oJI AjLUI <^3 - ^A J 

(j\ > s- i C .\ (JA (jj-ac- )-n aJU. <^3 La£ J cJ^^- (j»c Ujljjiull ( Jjjjj 

Ak 4jl i(AjjLljl) Aj la JJJ^W AllA ajiliH ^3J L»AV.j — OJ^Ia ijSujJ 
f > > 0 N (JUaj oJj^aJI CjI jjiull j| {j-ajlk^aaJI jjU ( jjl£jll ejj3 

.a^Jklj A-xa^j^ak A^iLk ^UjAjI aL-ci^q ^jA ) AA uV *aK 
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a — hi* ^ — 9 i4^c. jj* ^ 1 1791 5-L-j S. Wright t-ul j i^V ^3j 

j|j3 ji jj— £ ill (jiLa%-]l A^.1 J 4 4 -iS^iaVI dA^HaII cLiIjV jll (^i 

15 ^jaIjI li*fc Cj yl j ^3 j — ^jiaill <_i!_)i. Ajijj AjjILa to^u^aS 


^ 9j .o^u-aa ^l_^ulj (j.iLa,^. ^jic- — (JjAaII (Jx^aall ^9 (<aju 

> & ju ^all ^ajl jill gjji -IjflVl tj-u U. jl jj l! y! j (_$_)^l t^jlill (Ji^JI 

©i_A (jl 4j I.}£Aj to^-U^aS j»jl_j3 iJLili ujjIS AajLIII ^ia=w (jl 

J t> ^ ojilall 



J ..ill 1 .1 .. A (jAc. (JLLo£j 

CK ^ (j ■U jlC'^ajA ^ (jji 

aljv^i-v cJjl^iiiLall (j^atj (^^*liJI 
iS S jjiiftll £ 4 ii*-A Cjl^ila 



I Qii\ »^ia 1I 



. A. ~*> 11 ^ — II j 19 (j* (jjjl*_i 

iil j 4$. I j a^J! ^1 CiljjSa 

J bjjj 4o^A_i-k-a (JlS-kil 

-■■‘\H i — £_Lgjj 4lj9,lll 4_iC. jSM 
‘ jll^a (_jJi (jj^tiiSVl — 

(j_^ ,U1*AI <jU 4li£Aj .4^uVl 


(JjLi. ftlijIU ^Vri CjVI-^- 11 aiA 
.^1 “ j (^j) 4_lzk^a 


AjjaSuII ^-oJI CjUjSII :1 — J ^wij 

(Ailxia :b :a) 


:Pleiotropy A 

jl (j J>ll J-Jjtj jA-aJ La -lie- jjSi 


(JL_1aJI ^ 1J £ jlUi — J gAa .all CjUi-a (j-ft Aix-a (j-a J-^l <_s-l] Aj 

4 l£] J t4_JU-aVl 4JI=W ^ 4LjA)jS/l AaA9 i .Un U V Hb S B 0^?JI 
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Aa uutfl (j -1_JA*]1 j— ^ — Sj ibj^Ull CK«j *-aj\1a fjk lijj 

,t_ll£]|j (JlaJallj (jjJjKlIj (jJAJ^lj fr L^r .Vlj 

i __aaj till jiia jl ajiia tll.Ial J :AJLU1I til j&Ilj AjS^jll tll^iLll 

a i ft ^ 1] — AjIL-(3 (J> ixJ tlljjC La S (J^a (jf (3f*^ - j jili 

— alj SJajujl La] <(JjVl J.'LH ^i^ajll ^JJ SJjaJI ftift UJ-^J • tllfli^-ili 
(jl£ La ^1 t^il j^all ^ tAjibaVl lL^LjJ Al*J A jfljfl*k Al*-a.J 

— A 1UJ1 sift J ‘AliLull o jiLJl jjjfc (JA*! AajIj SjilaJ jl t Ajic 

.A^ila ji AjALj S^ila 

AlaLui ^ J tLlll ^jjij <uLaC tllLlljLu^Yl Jo jflhrtl l (J^ljjJl 

.djl^iiall tllVlx-0 

till ^ till 0 t A \ * >ij Lillx^a j^)fr£Jl till Jllill ^ — ftj Itllfrl x uiVl (l) 

[JlTl 0,1 (jjJ A 2».jxJl Jj__ia) A- . 5 Ua Jj£Vlj ^ ^>*11 Pjjlall (j* ^-osS/1 

5 l— ale. A« jll j X Ajuil^ AL j-o ^1 tlAjJjil! aift t.-flj.u.^i'i .^bjjAj 

A* — kifyl jj — Vij . ^Aj-v. t ni nil Ajcufyl) AjjJh® JJC. j ^Aajj^ll A*_lVi j 

^ — 1c- A-i^._^a 11 AilialLj Ajj% i* .nil jjA-Jl j tliljjjll Afijlj tlbjJ^lyi Ajjjxll 

♦ Ajvll AjMuuVi IftjLui* (J^la 

till j jj&tyl — AiUa (^ft j — Aja. xaflllll (jji AjLjifyl Lai 

1 — JLyllJl (j— <o Aj>.1t>., jjJI t”* l\ ftllnll ttlil^jiil ^UJ La-« 4iUa ^lp-1 till j!1a3 

. AauuuVl j 

■ Vi * * u i tile. \juj>y 1 a-l^J Ajla^x-all Ijlll tlllji ^jli ttllVLkil L ^ 

(i)l— S tli — .51ftj . A Jt 11 tllLj-la*Jl ^3 ttlll^liall t IJjjuJ t,5^ tl^J — 2 JLj 
A J 1 AjluuIL L* Ic-^j (_Jsl tlll^ila L "J tj^^yiftll ^'Lt-iouiU ^o^all 
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jxj1\ (JIa. ^ j jSili Jjc Cjlc-bui'yi (^A AjjLuw 

A a £ja r^Awils (Jai tljljakll jiljj jSj t clAc. Luiy I 

5 $1U1I c-j! — i jj J jj — ill cjjl — aj jJ dia> j] Jia j - ^At.n« a* i p» ijui'y | 

S ilT i , t ll J. L-Alj^ i. \ ^ *)/> ft^Aal 1 » j\ l L* 1 

j\ — L J tj\j£ (_S^J <luUiJl LAiLaJI ^ I0j3jl<i (jjSu (j£»aj 

. S^SAaII aJ 

^ a <4-al$Ji ljI jjiall (j* ^yOki Ic-ljji luiuu yt Lft£ 

— {J AjjII ji ic_lAajV 1 jl 1 1— ic Ljajll j\ tLJ^j'y l£ t djLftjj t_ju£jg 
, ^ Ixji Y I J±h k* i%*> ttljLaj oIa jLuj£jl Ajyiu lgj£ j 

1 ^ l -r^\ Uj] — jjjjljll Aillail A-i^j-iillli Aju!m)}\ dlLaJ V J 

^ a j ,1>j\ j] j Ajilaii aJL^ l^Iftlj Lm (j liill .ic.1 ji 

V] 3 ©AiAtll CjljjiJa«31 A-iakjuiiiJI AjlmS/ 1 jJjJ V tli3 jil 


X « 


W SAii- A_L liu 11 j Vl^a AaAiVI aAA tA-iaAajudl AftjJail 

t ■ 1 Alcoa-* A.^iij (jiA^aS/l I AlC. ^jli j 

- xaaaJ 1 * jJi jjl _}i]| uiVyt .iC. 1 g — Uj tU^JI iJ ic« 


0±\j c,\ j Fanconi’s anemia ^ ^ — a Ucjjlj xeroderma pigmentosum 

. . .Bloom’s syndrome 


Ajjljll Aj-allxli LJ^aJl ^3 cjjidSI Lc (J jij I Cjl uU^^ 

— 1 a_>\I jc-1 jS Alkyl cJjaII CjIc.ja>xq 1 AJabll ^ I I ^ j&j -ti-^ ^p-31 

« 

AAA ^XliSjj 

^j^ixkUJl J A-iljall ^x^aljxlli Ai-uij ji Liill ^uJ a |i| 

.Nitrous a. ^ >jjSl 

tiilU ^^aoij ^Ull tj^Jl ^LuiJ t> 5^C- ® JJ^dl (Sr 5 ) 
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.icl Jill oLbiij AAaC. ^3 jUai.1 Jjp-o^. JLu^l 3* AL>*J 

Aj» nWI Cabjlall 3* 4^£ j5 t_j jSj 3^ J 

•0 

■ 4A.111) AjIaC- oLill lljlll (JjuI^LjJ ^3 4 \"fc A 

ji < 1 J a j ^1 ...*n 34 :^IL j^uH j 5J jM 3 jj til&UJi 

4 pN w\ 1 djLuLlAJ^ll J * 4 1 -v i , 1 Q % il l AjlJj^ 4 ^ < 1 ** l l (a^ftlnAll (JaI^jjlII 

.^Uajj^ll t. v lUol 4 jI gji tAala 3 *aa (JaIjC. t j£jll 


3 A lAj4&J (IjUjLajSJI jjic t-Jjlal tlu^&i tSj^Vl till jlulll ^ij 

4 1a j taiV jil AjjA^JI JjifiJI jjic. to jila-allj Alia ^ aaaJI (JaI^jlII 

4* 

^ f U -W* •' 3 * Ajjj 5) S. Typhimurium ^ jjj^uIjj !iUj jaUI C5 ic 

.ft^jjU-Aj B. Ames (JaaT .t_j 


L_U_ 


-iJj 3! 3 _ 1 aJ AjjIa tu -^11 tlil^)iia]| 3^ jl&i C 3 &I 13 j 


J (J£J A_lx*)Lij43k JS\ 3j$J AuLllI 3U i^lc. j „\1 A^j . 3 l-i 3 - )J^i]l 

^lll iillj 4 Iaj tlil^iUl 3 a r U (Jl % aII Laa v L^VI a\-v^^ 

^>1 n&yi — tin ^ _ 4>i jj LaLaiiji ^*uVn 411 ^jj AjiiJi { j» ai 

jlaJI ililjUa^ * oil AiuU jA 3V I Jl>llj tAailia^jaJI ^eHj gj j]| 

.ajjLajjoJi di^iiiii t ^ 11 ■ *< *m 




1 &Uj 1 |J jA 3 ^ 34 (jic- Itll^akli 4aLutil 

3U Ajjj-kij © jLij — tiib 3* 3 a J^' t5^“ — 3^ cJj < j ji^l a_i1a& 

<o A -- 1 '> ^ ^ ‘V’Uj <J4^J *1 J?] dW 4-Jaiu 

t“il , 1 tt i. nl ! 0 j — A (Joa £jj£- 33^ (J^ ^ 13 j tAljUill ^3 A -v j A-aJU^a 

...o ^ aiaII o l_jjj-all (J_j3j 3^A^*^J 3 ^ j ^aaJI 

# 

i > ^ *'i ) 3 J*jU! 3-4 tljlll 3^ 3^^ ttlil ^alal l (Jilaij3 

cs — (jj j^4J 4-^ CT^J 3al J-4^/1 (3a * j] ^jllft]lj 

. . . tlilliJ J 3 J 4 
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tj— ^ (j jV . ■ mill ! £T^j] ^ja pULJI (jS-a (JLa*jjyg| ^jl La£ 

S ') JJ^— ^ L$u^ 

e_fiL_ii-aVl (j-a tAj^. £ _yLj j^jII jjIjII it.n:tj t^lxaiyU 

.o^ala-all j^L 

^ jll i— iji ->~11 plj >j (J^aa]I joc (j^a till jiial! 

JjX jj*I 1 (J^a — 4 iUx ^5j ijjLmjyi ^jic. CM jiaJlj CjtjLull *» ’iViufi 

I jUaikVl <j-a i^lliA (jji tCjltlxjkiuiU 

.(jia^jauAll (j^vvi^D 4_)jjil! J j^\ - l 


qa JiUjj iAjLuLillI L£U1! till! l-jjjl A\ ^Jll! AjjjaJI j! 1 — 2 

•<-)*?• J] <-fe* 

Aj^juij! ^jlc. ujI jjjllll <■ ^ (Jlojua jVl j! jjJaVl l^o! 

(J1 j^-Vl ^3 V) 4i* 2^3 (j-a ^^ill Loi — 

.A^Uil 


4_^£ AjLj jj ^a A^Itc. Aitia dill Cjls-U^ ^jl 

4__ia£J| a!a £-4 i jc.UiaJJ Cjl^iUll (jl jLlc-VI l^S/l £-a . -ij-aj JaA 

^ic. t ^hlataJ ! ‘■" >A j!' <^3 t<j5ua-a ^jaC- L_J_)ta»ji! (jl ^-Ic. 4-La£ljg tgjl^itjj 

0 

t -s.*i!l ^l^aJ a ij)» ■. c> j » >.j a\ 1 tiLLiJ l^liu t cjl>all 11 a ^3 i^jtuu^/l 

— 4 jjlll 4 SUail Alai! (j-a — 4j! ^AC. ,4j^*Jo 11 4j! j_^ll j^ax Iti a 

il Jj* 1 tl_^itc. iptjV (Jlilafyl 4jjLc* (_£,ll t jJaJ 

*iA^xsj (J! <aj3wl — a Cj 4I_) Cjlc-t* {jl l^S!jtc.ljj LaJjij^A ^^3 

djLJI j=J»V A U^\j C-l 4 j 3 (_£.13l (-llS^jll ^yi — ^-lll ^jUajj-oJ 

0 0 

4 imj ^yi l^iij (jjiSjul Uuj i t±uu^. 4-lajJ^a 

t.- A _i*l<l l t a tiA a A’iC. c4jjUllq Llllc-lxjiy I J 4 J 

>t jLauY! tg JLa j 4jjjJaxll 
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(SJ& Ale. Cr liaJ! JjAxj 

** 


l * il_\ (_j^xi<4 L >fl < ^le. tlj £ya lftl_jjui_j Ij^ii^ ill 3^) .13 j) 

* 

UjUl^l l jJ^XJ ^ UXJ "( J* .V" ^ ,oJj^2h 4_UJJ i* <1 jV-»» vs CJjL^lil 4 i. v-J 

# 

^ S (I&JJJJIJ "ui5jj"j .{JAX -4 Jiu*j ^k J>uil Ll^jjjJa (j\S JU ^k 

. li^ jli ciUj ^k j^jjJ Cjl >Vull oift (Jl^, 

* 

C >1 \mjjA 1 j j RNA U _>11 j^aj 4 ^ 11 * tilaln>]l (jiuu dllLftj 
J— dAiJi jaSi ^k J ^jUikVl (_pexj (J 5 U 1 ! RNA U _)ll J Aa^jj_^-iJ_)ll 

cIjI jj>ll < j l -1"< Cjlajlft (j_$£jj — Aj 3 &-3 ^=».j-dl A-Iijl <jc jlaill L_jsj»L-aj — 

d)l ii^JI ^jxi Jhu£ itA^Tlu J JJC. , L_ij_jlil 1 j LlAsJI Ail£ ^k 

•• 

JJJXJ (Jlxj V — -LLiijfyl (jilXJ iVJ j- 4 jll A^jjjjua CUijj.l 

(j‘^-> ■ ju yli <l^Aj ~* CjLaaidl i^Ccixj l. l&jk AawbaJl (JL^. V] lll lllad l 

. Auinil (— Ixjj "ufilLyi^ "(JaiduB" dAii^Jl 


(_> a__*JJ AJaJjjdl dll iirJl (jj^J La tdlii _^ill tllUA.1! eJ jxJLij 

"*j j - Operons ojjl — JjVl aJIx-* CsIa^j ^ a cjjUijll 

lLq- ^-i mRNA lj_)il qa Sa^I j Aa^uij ^jl 1 * j ^uu Sa^.j jVl 

*U ^ i l \j> tJjuAilxiill ji (.lilxjljall 

* , . * 

Cjljj^dl t>a) JjSi jl Aj JJ^ £cliU J Jacob C $1 J 

* 

(^ill (JjIjlaII 1 ' * Urf^iy 4 djj Sj^^dl 

ia — jjjj Aj^x cJjjii ‘Repressor jjl« jjjII odjjd 

jj_a.Vl li — a a^Ijjjj .Operator jJLIj jjVl jA jx-aixj (jjjjjJl lift 

in 

O V t^j J^j-tfxixil JaLu jl .& JOIXJ (Jixj j]^ (jia. jl 
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.Structural genes Sj^Lall Ciln>l\ £juu 

*j j±aJI igjph lAlatSia S-ii.j jjjjjjVl ojljajj 

qa <LiLa)) {J\ Promotor jjjuI jjjjS/Ij 

. ^£Uoul! AjLcC. JjiLuj ^£_$jji1 jl J-Laj]jJi £_a -Wu 

A >1^11 j| j jj jll ^ rtm**i lIjLjjjj jJ aJjaaII L^jljj^kll {jlmj J _jSjj 

j ^ j*j J1 ^ ^ 2 cLjJlSLj ^xrfaL^Jl JaLijjl JLliw j -a <J-a*j La Ifrlaj 

( x -a Jiajj La l $ , *u j < Co-repressors a~v jlSH 4-aj!>La 4jl*i lIAjj jik 

m 

.<^LujaJl (Jl^ V] bji! 

L-Ajj-Ij LfS— 3 «A>M cr^ ^ UJJ*?J^ L>^ 

* 

i6 *» . >i ^ j £ ja ^ 3 i^\j JJC> ^cjuU 4>ni ft A-nTi.ll 

i£ j_jjJI L-ixjJaAll e jl ^jlc- — ^c-ujjll (JLojSV aLAlj g; j^j Attenuator 

jjL.1I 2 A-UIaS/I j>)La^kV I jiaxj Jj^jl ^Loj^ 

.A2^Ltll c_i^L-a jj j-UjS/1 IftjlC’ jajj a 11 
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J*j u* tr 2 ^ 1 J ** 3 

M *• 

CjUL xiiij) <j c. ^ In :5 jjh*Ul| ^ jUl yh ^ jliil jlViil 

^j— « S ju ^iLoj — o^jjWull Cjjjjl£jVl — Zygote •Ljajjj]! 

J ic. . . •'4— J I J AjaI-wJIj 4j u^-iall j Aj^l aJ I lxiLaJl£^ 

^jj .AAilajilj L_uSjoll j ^ llu iCAiil <■ ,‘afiVi 



oJA (j-a AjIaC. 

I1_A L5 -J& J a^jll 

0 

L5— ^ yj> - u^ 1 J 

— £t muB CjIjjj. j — (JaVl 

^ — a UjB (jl Ja^L 

^ 3 t-u — jujiail j tf'j-ft-v 31 U^U. 

.SjUII o4A V la^LiJI 

o jl A*]| (J_ J^xSj tVw ■A 

if — i ^ J*± t> L>^J 

if — s 6 ^ — ^- 4=^ f^iyi Jj 

4 — J ^>$-1^ 1 j — Ll^LLII i- a ft A. ^ 
C *\ nKB ^ ) jjl CjLuSjII a 

.(l ~ £ f-ulj) .Ajjx^uJI 
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till A XjlHoll all! J 1 JjJ tlllj ja_Jl <ji ^ jin-all (jaj 

‘ 1 <1 joaJI A — j — aj La l^A Jj i t \ . u i .(£ Jl tliLiLil^ He. tli lij l 

t> 2 — & < — it J — *ij * — (jl ^ 1c. .(J^l ^Loj J& L-s\j*ty\ J <aJq*a]I 

.aIiIaIIj o^Oal^Jl (Jili ^ Q '* >1 (jJaJI ^U*j ^Jc- 


CjUivJI jjj <j (J*JI Ljl^*iVI 

^ ill tlibijjJI ^UjI (J^ o* lAj^a^-all CjLuLuII Jj (J^.I_Jl »- tV^ A 

AjbiS (Jal£ g; j li c (jjlS jl 0Luii jl A^ll jl (JjjjjS pj IgJnj Lu3 (Jc.Ujj 

- Ij ^Jl — ^ n % 11 ^-ujuII J — a^a^JIj til lJ — aJUII 

(Jl 3 -"* V j l— A jjAj o- — iu aILaa ^^2 AjLJI£ a (jjlfi o^V j lAAx_l 

1 ^Aqj diljA (jl jjic. — ^»A j.1 j Ajlj J pLftlc> tlL Jij — o^)-J ojJU (_gA"k.Vi 

# 

t 4 ^ lAj (_5 Jl tlLLLx J t(j£juil jjLM AjjaiilL jjl LuijaLa 

(J ■*■»" jll aJahaII tlUjl (ja Ac, jaxaI ^aii! ^x^v^-l t* na, . !^Ij 3 j j j j-lll 

aj A^llall A^OajJI plikjl J qJI JJ-sLu (ja AiLi-a ^iLoj (_pa J Jc. 

J fiAA lS^- jo) Jc. (J A^-kJijVlj ljl2l t—tL-^a Jj t(j/i>H (^-9 

.Aiiui ^jLiii 


i*< ^jjL—JU £_a oAxJ ^)aluiJj t AjJsj^JI 1.1*1 (Jj 3 i jaiil 1 A-iJj 

j ^ i * (j^laJI _jJsj (jl L-vN jj — nWH ^aiil (J^.I^ja t_tlT'A a ^9 tA^lik 

.AjlaJI jaj (jc. (J3 *-*j ^jjj 


(jl j! jiB 1 Si—ilji u^ill (jijl jj — c-AjB — AjJaJjill 

AjjLlj ol^jj > l^!3j ' jd L ” o' 0^'_?^' (jlllA C-.'.iL Vj — Q ^ - JI (jLiJjl-Aill 

^ r, S*! t aJ 13. J o^jjS A_ila. (JSLaJ IajjJu >> (_5^' t A > Jl (Jilj u-iLxJju^all 

j 2 kj j j ill (ja ajAjJI ^ Lua^Lll (ja aJjS) Syncytium 

j a ^ — ujilil AOaoJl Jl c5 Jl (j*J (^ 9 ) 512 
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I a twj J ill (JjA. 4uliJ! (J£j£u tlftiuj .3 j11jUA clll^A £Jji V ^ 

o j — & 4 _yi j - Ajli. 4000 Jl j 2 k ^ t-ilbj ^1 “U-p=Jl ji Blastula V 

. a_ia 4j]Lk-aail U^Li. M (aI^^aII 

U— * ■*— -Ox!) Aja I JaSxj Juli Cji^uirJI jaj (jjSj ((J^I^aII (jiuu 

(j5 -lia. ^1 a j {JjA-^1 j-<ull £jJa^u (CjVI^-H £} A y ^ J <_£ jjl! CjIjSjS^ 

.(Jjp__aJl 13 & ^-Libu 4 _*i->Ua ujI^jju l . jIIjuj <^jVl%TnuVI <jl .lau tl^Aj — 

UJ_>— J^S! — Mill (Jja — II - J&l Jc. (LuJ=w — uj! jjauJI a3* jiauj 

.Ailliwail Ayj^'i^\ <JaJj 4-maJI ^SI^aB £l*juB AjIaC. a jliy Ecdysone 

A-Ja^Vl (jSJgm ^u]| Ul^L^JI ^-3 Cjln^JI jji 

3 ^ JaJdlAjl iil]j (jc, t sli-Zi — AiJGJI o_^JoJl — ^»j| jiil J 

.(3 “ 2 ~ ^ jvu jJ .asjjJ) (ja ojSjaII aG.^a! 1 (Aulaill .niJI 

A — Aj 3 aic (j_jSuH ^ 3 _jaj ^Ic. L_i^uU CjliiaJl i^ja i— cl yj A tilLiA 

:^£lill 

0 

‘l jj£ (^1 (Maternal-effect genes a^aVI ^JcUJI <IjUj^II (1) 

— ^-aLaSn S (Jjjj! ^ jjjU^a"unVI £Luj j AjJajjjll jjWi 
. JjVl tjaiaJlj tA ^ i Ul l <jJaj^j]| - c ^ilaJl j 


£-* lU*j ^ j Gap genes a jail) CjUj^ (<_j) 

j Pair-rule genes SjjLJ AuaJ jjjVI tl jU * J fe) 

^1 jjII (Segment-polarity genes 5jJaSll ^-GlLdi Cik^ (j) 

15 Jj Blastoderm j ^aUH ^joiaJI 

— j^aLoVI jiIjIaI (Lnjla>. UJoLi 14 j Luiujj U Ua^ 

jjJ (CjlJuaJI o4a ^xjj -r ^joiaJl ^ilaJ I 
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cWj* :2 — £ 
iLfijjjjjII ijc 


ajc <#r LaJl >u 1 ) :3 - £ 


^ylc. Jaju tHomeotic genes CiUjaJl (. 

. 4^ uijii (J£ji ^Ic. ^Vnl (LpLaJI djlc, 

(J-axj t CjU/jjjj r^jjj t CiUiaJl o Aa t .iwVi (ji L_kjJal 

• ^ ■ 4j] l 4 iIa» \ A \*i l^i*i.a^ 
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i(jj j -Al l l" '0-w -V<e. ^uauII ^uoilll c * i. W j j 

^jlc. jj JJJUU l-i^A jjJc. JJjJ <-ULaJI aIa ^ij — ^Luull AuIaC' (_£jiuLa c _ y Ic 

lib allj i Enhancer JsUJIj JjVl <-i j*j diUjlUJi ^ 

(j — * (j — fyl CJ — 1c. j — jJj Ailuwj (jc, jjjIoII £ j - Silencer 


— JjL (JSjoij — 40 jjLoaJI tljUl jaaJI ^ij 

- ..1 A_jaju^« Cll}j-oj$ — II ft^A ^jluoj ttlsVlaJI ^Aj — £Luuil Ajlac, 

ttj l^L^Jl ^j^Jb (jc, <^.l>u 31 JLnVn ^jJJ 4-iiij j "Cli^USjUaw" 

* 

«■ ♦! 
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JjJI J jjAJI 

•* ■* ^ 


' r ^ dl ^aII Lj^A jA *— ilii-ai aIl/Ij cilliA I^C-HaII jlfraJl vliU j5La 

0 0 

iliLaj — -kjiidl Antibodies SaL^aII olinjjjll <— n£jj Innlj 1 jjA <-_i*Jj 

: CjU jliill jjc Antigens 

\ .Vnj B AjjUII IjSUJI - 1 

.^lanJl ^-IAj 


Antifc©n» 

viral coat protein) 


I 


Humoral 

Immune 

response^ 


/ 


Vertebrate 
" circulatory system ' 


Nucleus 


Cellular 

Immune 

sjetponae 


BoM 

A ^ r 

I l 1 
s i y 


Secretion 

of errtleodlea T cell 


antigen 

receptor 


IP 

rA 


,y\ cell 

hiatocompetlbility 
antigen receptor 


▼ 


Agglutination 
of free antigen* 


1 


A*5 

l 


Vtruefnfected 


ti r '% 

Mii/ 

•S'' 


iw6i 

’(.Tivi* 1 ^ 

Pbagocytoali of 
antigen-antibody 
complete* 
bjr meerophaget 


Lysi* 

infected 

octNe 


of Unit- 
ed ten trf 
i T cell 


.y.A 


.SjJI jn^Ufr JjIaj :1 — Ja ^ui j 

dbjffl &> 

£_An a tT L_£UJ L 


i jjj T hjlM t£UJ - 2 

(jjj — aAII ^-- jj"f» Aeoll o j ill ^ 

.Thymus 

c5 ji <H <ViU U^LaJJ - 3 
£ — fc ij LS — ill i Macrophages 

J jjj ^nll tillj jl tSjL-iall LplAll 

jl .nil ^2 (l^-lro jaiIAjj jl ^m%ll 

.(J JA^ll 

B 1 j^UJI r j-iij 

L? ln jl Iff 1 a jjAn ^jill Cjl aLuqaII 
. t Bj j kU 1 » n c Iff AA a-ojIa 

t^yCl.-.lAll Aj 11 ^ J 

4 t i j » 11 t ** t\ a a j-v-ll cA jLiJoaII 

t jA j i Iff-nJ Iaj 3 jjuailj Iff-U-an j 

il — \ ff ikJj j 1 ff » jjnl jAll Aa^jIaII jjA 1 An 
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J\ (Antigens) H 1 Ajjji-ll L ^c. <— a ^211 diUai^Jl 

1 & SL *v,J l t Ij>UJI cJiUn£U U,Uil L£UJ1 jkj 

*(l “ f^j) ‘Ijj^ 


.(74 lJ Ij-Ji (jtuijyi jl j) :Cj1jLaaII uu£jj 


- Immunoglobulins 


Variable 

regions 



UaII Jjjjlc. ^ dlLjji Cil jLUlaII 

O ol— — Ux&ll , j 6-^Vl a 

Heavy 

■/\ CjljLuixiljj «jj[ /ys 

\ Light 71 ^ 

chain *t * •* 1 m f 

(<Lmjjjj c>-j3Ll4 j! 

Variable . ..- . . „ . , 

regions (jjiau . bit ^jjakiU. 




220 t>) 0£j^S 

— u 




jLuiaII ^ual) <_uSjj i2 — ^3 ^uij 


(jilajUaU ilLmlt . 

440 6— a) uiUjjii 
^ 450 - 


t-ais 


- (vU 

^ Q \1 ^jl_ W ii \ i 

.(2 — -ia f^j) *Y <— a^p <j£*iai <XUJ& AJajjL ' 


. I t JaLit^Vl (JSuSo 6JJU4 AilaU Ia Aluilui ^ 

^la — « ^ — lc> jiL__uu S^IuxaII cJ*pj tAUlj (_£^pl <aiaU j Antigen UJcall 


.^UjjVI Ul>U]I cJi Cjblu^ll *JU t ^kJ | 

- * 

^ I ^ > a *1 1 Ixil t — l! inr^<oll (^J^s a^fij^a jl r '1 r~- ^ iiilLiA J 

£ J 1 ^ 1 J J ’IgA J IgE tlgG tlgD <IgM M C-Lull £yi 

^ J — ^ I i— A (J JpJ j»JJj — aLjUI aLU (j-* AjjHII <lkulb eJilUauili 
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£ j i £-ix-a jj iB AjiaJl AkiiJ jj 

* 

. AjI j Adail aS I jpaJ Ai-olix di Aldax]l 



^Ac. & Adill CjI aJ j>» ^jAc. l_s^iIu tT lAAlaJl ui 

.dslAl j-all aAA t ^ail liiLaJI 


Iaa^Sj p j a ^rAxaLiill i ya X Lj^-iAl ^ ^JadAI t— ilhuj 

Aj — Sj ^ jil 1 $j1a CjIjjjaII iC j J tD iL iV djtj jj-dl 

. (— ll aL '^ a \\ 
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fluiLVI (Jp 

Ju^aUl LS lv .'Oncogenes & Protooncogenes ilUlajuMl) 

— A (jl 4 >J 4all 

^U^VI jl^JI CjUj£a jjJc jV i{_^ jill CaUlia. Aic. Iauxj iil u_il jjiy | 

Q* o.V,.-t a (Jajuj (JSJSq jj] 

i4 jliJI OVUxjjuj! jljjj I ^^111 lIiI jjjtv ^ Aalxl! ^Lii ftj j SjjJ 

:l^U^ ojj-i 4> ^ 

tljjJ! l_u£ jj I^jj U^i&j iGj Ajlfi Start (.pUajVt (!) 

. a o jjj jj-a S A_xHnli <Lk.j-all AjI^j qa jy^ <^jSj -liij 

*- ^.jj diiv tM (l_j) 

. CjI ^jjIajjSJI j 

<<_>^ — £uj (J$> kSuj Cyclins clilujjjJl jl tjV I 

^ — a 4 JaJi qaj tlnterphase jti JnJ l J <LUI aLw^oII J^lL 

5 jl_i J__ia Gp Cyclins ajjj^I cliliujjill <J .M 

*(l ~ Lf f"»j) .(JpUaiVl 

SjjaII Jj^xj ^-llLa *pp. 34 jl Kinase jli£ ^ JiVl l£Ajj 

— K . 1 ^ ^ — “^Vl jjj*j ^gic- lU*j 4^ ja ^I nKj^l l £-» 

.(Mitosis- promoting factor) MPF <1UJ1 o!a ^ 
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Commitment 
to M phase 

MPF 

(mitosis-promoting 
tactor) 


Degradation of M-cyclin 




inarf:*: t[ } ‘ 


\ Synthesis 
of 


G t <yclln 


Synthe*is\ 
Of Mcyclln \ 



Degradation of Gi-cyclln 




Start commitment to 
enter 5 phase 


SjjJ ji*j tjaxi :1 - (j j 

LlULLk ilc- 4aliJ| iuau 

CjL jiuj^ S^Lui 3 J-Lstj C^kJ 1 (JlLixj J Jnj*A» till jj.ll PP 34 11 J 

— uiijVl J ^ — le. - Tyrosine 15 jjJjjxJI (ac.Jj J jja^jill 

4 £ja\< l—l liaJJ — I— — -LyliJI (_5 jiil t." tl j.aja-v Lu3 — ^jl-s.11 

(j; — .tlslilaj- -oi^ll £ £LL 1 & jlncl (j^°J uliUiaJl 4 j& jj 

.L£UJI (jAJ djV l k^rvtV 1 t^jjiail t -at t^laUJI 

ilalj»>-iW >« Retroviral <jj^UjjV 1 Cjlilajjadl Jj£j US 

a jjj — A-ijUajjaill 3JLaJI (Jjdjj AjjjjJI L£>LiJI — La 4 jL jLu — (Jx=kJ 

i 

4il£ CjLajj JAJ j5Ll Aj^ui <„l,)l J/o£ AJjui C lliL>Jm.ftll 4 JjLoIa]| (JLilu^ll 

jJj_^li) <■*‘■■>1 n>ll J j"k.Tl jl (jS-ajj .ojjliLall dllii j-ia-il 

:1^qA 1 to^C. (jjlaJ L^LiJl Cjlilaj*^i>a 
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.S JJaJI |Ij 

Provirus jjj a jjy} ^ jj-uS tS.iJ.ia. 4Jo*-« CjIajIjj ^ .iUjVI (u_j) 

chjj^ (l-LiJm Jja. ^ilL J c^jj^ f j j^jj 5 ) 

•Sryj 5 t^W^J 

£^] J ®^J J> l> (^) 


<jJa^)—JaL« ^jl__-*jd-4 4 j l <J^Lrkll lT.lt U%^£jl L. flU rt 1^1 Juijj 

4**k*^j i.i -a 11 i**>la^ juIaSI ^ylc- t-j^A^ll Lo£ — 4jC.la^^l _j£j jl 4_iioi ij^jjlS 

(j_*ik$ijuijl joll^ 4— wnla. C- Jjl -^J (_3 jjC. AjjiaJI it 'ny jSjjl JU 

J — ^ ? — j j — *j cf>^' ^j 5j^ 4-jla. Jj3 ^ U .1 £i Jjl ji Transfection 

jilixli ^ n> JI jJUaJI J — Markers jjSjLall - <uj> 11 ac.1 Jit ciAjutaj 

J jVilt ^ »^Vil l^c . jj — UvliJl yn j (Jl*Hal Jc Igjjia <3 j*-a! liilij 

jJS—kijj tl^iU^aSl! ^la/i ^jl AjI'xJl Ia^aj V — 3-lJ.la. AjL£juj!j 4jla. J| 

(j 4 o^lj AiJa ^ AllA jjifr j-tu £1 — (jjji-all "Uljjl" 

•UXUI 

¥» 

t— JC-laujI ku4j^j3 lilajxii* jj a i ojw^iTt JiSj 

*• *“ ^ \J> ^ 0^4-J -latjda.YI — 4-JaJI AlLjjaill £j^Ua qa L^j^Lllaj lilia^a 

dll^jJaaS xl j l$J JI (Xiajjjjall£) fA j&l (> J <S jpS I 

— <JSL__iij .^1 jjS/1 (J>a jj*iMt AjjLtaJI Cjl jj J J (4-«Ia ljlj.lt l udj 

ei— A 4 — jjllc. jj — £j J — 3j — c*LJj ^ 3 oacLuj ji t ja 3 (JdjC — ULaj 

o j A J «&*JJ - 4ajjjjjJ| jU£ll CjUujjl - AjIJI J - lj! jxIa^luwJl 

(J — 1] 4 jlaJI ^-Llwi diLa^U^aJl (Jaj ^ mti Lllljjuj^jill 

.4^-ujLi!l 4JVI ^ii^a J 4alrx]l olji ^ tiljilauj 

4— jIasJ — "x^/l ^]| ( AjjUaj-uJI 4jliJ] clLiiia. I I U> ri« < j 
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i ' ^jj.}3! J LT^" “ S^AaCLo 

t - 4 ^-, r* ^ *1 uiA Jl cljl tvTu 0 L_ijUaj ^ic. jJl J jjVl j • ALaaII 

(Jjl^jjjJl (J j^. ^j-a ejj J jau ^dallukil <!ila_^mll £_£ll3 

.ej^laiaH clAjliisk (J^JU ^ull 
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Aj-a Cjlil 


Lo-a — jliSi ji A^l j fj jj-*JjS ^i JjmS oAC- ji j-uS j J (j£-aJ 
J — :J j ■ ■■■^ j AJ j .oAjA^. CjIaaaj (4jj-<aiLjil djLjLjoll -dll ^Jj ^Ajj 
Li $ A— j.\-> a .J-iLa j i.1 maldrifl ji iAla lc- J2k J j ja j jSll 


> 


■uti 


A — mil gj — 3 AjA — *£ (J— 1 -a^a jCjVI — =J 1 AilS ^ij . J^kj J f jj^jjSl! 

* * 

l_ya ju jj- jjj ^ 3 tl_-alA IjjA djljjju]! oAA t - n 3 j AAj i Axaj jj-ajjSil 

.AmJ diUM j-a mile* j ^ 'N.^]l 

Jmilii-ai A^j J] djl «j^ j, Q**i 

® jU^i. jAj ^Deficiency (j-aLll — 1 

JJ J (J* 4 £^> jjS j jt :mfitLdd]l - 2 

a mil — mJl mi — d jj milL ajA*. ^olajj :In version mDlLVI - 3 

/ttjj-JT 

‘ J— fjjj^jj^ J! iTranslocation JaUll - 4 

• mil jx (j* l iti^o ^jj j - ' 4 IjJlfi’j 

L^l to J — =k (_yLjj f jjj-ajjSil (j—a AjlLS JajSVj La UJI& — 1 

‘f — ® JJ — *-i-a A h Kttl l jj£j LaAjc-j . miLa j j j^aj jS3l qa V 

(jiiJ L» 1 j^Uj . L aL U l Albk A^lij ‘olmjl Aj 3 ^ylo Ajill ^ku (ji (jLaj 

^ 3 JlmiSj — f J jjAjjSll ’(^JJ ^ £-LLa]l Aiij La Ale- ;U^ ^jjISII 

dll o A A AjC. A^jJj .l^jlli^ (j* jjiaJ jljlill ftjUni. jA Ij-aliil 

Aj — uullj 0 ji^m— *ma Aj jj-a" i^J V Ajijiaill AjJLoILi ^sLi. 
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^ 1 c- Jj (ji <j\ ‘ si a) ) Vj — V 4j-<a3l^Jl <Lu!*<dlj A ju o laJ l 

Aj—AaII (j^ d U^ 5 J *® ^* J—3 ^ (j*a£ JP ^ • ^LLkAA Jaih 

{J.<aL f jjj «jj£M ojx^l ISa] l£jl^ia]l ^SUa qa 2A3 23 iAjjjjdl 

nl j\ i'Kjyft , 2 *] 

iJA g?tj "Ajj_^<J" 
a j\ ,, juiiv jl i* >1 j».i. st!\\ 

A ii-aC A. . ^ m A^_iaJ! 

•* • •» W fi « 







(_£J — 1 — 2^kj 23 j . 


0 * Cuj ^ 1 z)jjM i J^> J! :1 “ ^ ^ 

^LuaJI j .AjjmII S jliD (JjLijj^aj^lSl 
0 £*di 9 4 xbiS jA V <\$ jj^j 



ji Aj^... ..A itil jjl ^)J— ait 


Jj — ^ £— ?J - u' ji—iM 

^o_J! c^jll ^ - ^ui) £jJ! 

.(l — (ii . t jXJjLujl 4 CjLaj jj-aj j£ 



NORMAL BAR- DOUBLE 


luuu !1 uictuiUl j$iaj *2 “ ^ 

AjLj 2 l& "AialaSwJr ^yxU 


LS- 


- 1 

JlC- tA__ELaSfl -jJnji 


-4 $£lall 4 _Aj2 Aic. t i_ a&Ljaai l 

Bar-" 11 ^ — laja^ftll (jJjJI' 1 _$A 


^jj£j &2A — "eye 

4 <_JjJa ^ uj^ 

UJ ^ ^JjjSjU (JjiLil) AJmJ 

A \\ 23 j — A *Ja-ull AjjjuJI 

aL — jj - Bridges j^2j^ 

fjjj ojjSli ^jlaJ 
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16A 1 4j3j^xa 1I AilalaJl ^3 jA ^-laiLdt <jl — (_3^LaxJ| M 

,(2 - iil f*-j) .X fjjjAjjSl! 

/j ^ j f' J* {Jj lai £jjjlL3u {j.ii}»ll ‘UjLi-oll aLj ^ gi Sfl tlsljyi dlLuj 

, ^j_lLu»J! ( ilj jJI Aic- ( m ^ 


Del. 



13 -^ ^ - 2 

£) <a .*it3 t ^ i j tt — 'f )J\ 

^LuisVl <Jjul Afwullj 
^ aI £} a ^joi 3 * t <j l a Vir j[ — 

J^-Al UJ-jj>ajj£ 3 l 

j__iwVI j A aaflla 4 eW 

1 ^ 4 tli M jl <iiLi 4 aW 

.^3 — til \^Jj 


-lial ja : JaHII — 3 

i a OL&xJl" djUjj^jjllI 
- t (B3 - 4) J^ll 

^ «J LS^jj ^ 

yh Jj-iuill :3 — iil ft * j u.n% — A^U -111 o^il! 

*0^1 :A :5i5L«il ^Ujj^jjSlI j_J -J _ i£ . t j ^ j. ,.j 

SCUMI :C ijijjl) :B u. ... . . , 

J iZ. c^Ajuojj jxI LajjJ t L a j ;--■, 

— 1 4 frUia JJC. tljlbjk ^ £ ijLull (jV <ill3j . ji-Vl <- 'ejl-11 

0— - * £ — A Wful l tlslnaJI ^il ja (jl ^jjjjj . qaa j jja j j£1I 

tiiVUJl t<l V fjjj * jjill 
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J dl — si jajVI j — ^ 4 j-#jJ>»jj£1I ujjj^I 

lg l£ljLU j *^3 “ c yjjUH ^Jjjixil 

jj jj dl OLi^.1 ^Jj t^dvS/l AjjljdJI dl^iicJil (j^a 


— dl ni l ^ J .Ljjl^j jj^L^ah L^Ixau ^jjc. jj 

. dUlaj^xiL ftl l t ^ ad ^a l l jjWlll (^ill t m-vU (33*"^^ <^11 

CiUjUII 


IHH — ass 


* Crow 1 Cr<** 

li-H-w-j;-H-»-M 


C Crwp 


^ Ifr dlailiua^lj 

^Ijjfyl d ida :<jl-uijVl 

u i dl si n<nll i's a 22 II 


k - 


fift — Ai-SS 

u . 

roup 

u 


u »-- ■ 

D Crow* 


■*•— la-si 

_U_ 

i 


_16 17 U J 

t Croup 




U 20 I 

r Cr»«*p 


21 22 

<2 Croup " 


L$y*t jSi Jila 3 udjJjUS :4 — dl j 


J] tAutosomes AjjI^oJI 
(iL_ 13 j A-G die- ja.>^ ^fuj 

A InAJ £_3 _^oj 1^1 jia t ^ Uii-v 

jl j , ^^all Jal £jVI 

- Centromer ^ 

JLx A. jVl ^»^_Tij 

— 46 — II uUu^ll jj-aJ {^g-3 i^jj-dJI <jjLll £-a dLaj jj^jj^Sjl 

4 Laid J 4 dils J$JaJ dLajj_^a jj£d I (j-a cl3= k l Bands lajlv^ll 

Q (j - Jjfcll — <1 a*J— — - wudl 4jjLdl j! J^all Ixjj 4j 1J AjAMilU 

^ 1c. Q iaj LiJl Sj^U <ju»nj iQuinacrine (jjj£li£ll dl_£j^ J << ■ > »" u j 

Ja^jlaiJI c-,iu >nj Giemsa L> *» <nj>ll (J-Muda tG l-al — 

A al£ t i jdau (j— £jol dnikJ (jjjlj]l dlliiaj djjla «13j (4 — til *G 

10 6 II 4jI^) 5 iaiJl J G (5 - d dlji-ii-eaJI 

.UaH «1C.Ij 3 ^rljjl (j-a 107 _J| J 
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*mmti 


19 


20 


21 


22 


Rj G JajkaJlj ^yji $ j*Su uujjjjIS : 5 - ^ 


i" l\_ cr - j t A 1.^1 Lk A—-Lailc. jJjjjI—Lq (jjJJjh (JIiAaIc-! 4 1 97 1 ^ j 

A j^Lja*y i 4jjLo*__ uoJi dlLo j j j-a j jl CjLojjjj jSf I o^LiyU dll j,lj 

CjI — A te CjLoj jjjjV l ^jjj Extra-chromosomes 

^ "i r. (Ji ^ 4 j__uU^JI dil j J j o^jldj ^jJajjj — ^\Vjxy^\ 

jxdi ua jj Lsil 47, xx + 21 ^.i^u .oUj jjjjVi 

47, ^iL-daV' jSoll pSUall UJ^J ~ 21 fjjjJjiM 

J Jo^ g4 ‘t^L^ ‘u ^^2 p jq jla jaJ! Ill - XXY 

L5— ? ,>j3 ^ ‘(“) J ( + ) U^J^Vb ~ JJi-aSlI 

Jj— L ^ SjIjj J\ ju 22 46, XY, Iq + 4Ju^U - g-l jill J Jjt 

<i-ls I 47, XY + 14 p + UuJ J . 1 f J £l jill 
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Jj_Ja a SJ — j j £* 14 ^ 47 

» 



J 3C il4j j>4jjSll <-JJJ*JI 

tS — I iaa <ld jjlaj JJ fjjjAjjSlI 
iiilli J^lajj .iailvll 3JLa. ^3 
sLijB J 4^iUI Su^nll J^Si 

A l^ilall 4-Lik^A ^3 jl -lie. 

— (Jl flliVl ^jiuxJ iii £a j — 

i-j-aiia L>^j gr* 

(jia_xj 4 jul i <oi ^t,a..i mj CjS^I — 

; li — & X> A^jlill oiL^l 


^ J. (jj) >jl .£* C . It 33 j 

j (Jgjja :6 — d ^uij f j r=i — £j jjial jc. I a^jU-Aj Lejeune 

fl,>A l A *"* A. * 

— uu « — 4 « > n v* * jiii 


^ ^ frlj— A 4 \ >*» y * J 

i a! » (Jl aliVl i— ifr <Cri-du-chat oj$ — II £l j ojeo 111 j$JI 

^ jfr JJJUJ 5 ^jjAjj^l] Sj jwifl ll £- 1 ji]} ^3 tjj-aiill j (jxu j 

^wij) . 46 , XX, 5 p j$i fSILl! AA_u-a j ljjj jjjISII ^ - 5 p — j 

.(7-^ j 6 - id 


(j£kj iiaJI .1 ,~J (jL_ 3 1 1 5 AjijA-all ^u^iall £*l ^)i]l (Jii (JLa. ^ij 

^j—jill (JUiaVl ^3 to j$J frljA (ji aljC-1 lAjk-oalill £*l ^}i]l oiiwj 

,5p A ji W Aa l l (jyji 
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dttfc - Jrt 

* ara^ • |HM 

■ I 1 I • ic u - II J 

— II — >1— i |— — — 

■ « u n . i <» _ » i* j 

i • • • 

"'I- II »•— *1 JJ“ 

ul^4 S uuj jjjIS :7 - d j 


— II (jLLij ui j — & j i j^SII (Jl^LO tillj&j} 

ijl j •£ 0 ^ US - - Myelocytic leukemia t>3^ 

cj — !! 22 <» jjj — 4 — k^LJI £' j-i — II t>» JUjuI J] — J. Rawley 

•(9 jL\ 


UU Lujoj 4 _La j^SII <__) ^uiil — ^jJaUJI Cia jll ^3 — J 
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(jUa^— <A— ■Jni'vJl I l— ilij-al 

a -\f{) jXj iBurkitt cl u£jIj < — L«Ji! 

. 1 4 Jij 


tjjaaliil Lft£ tL jcLCad]) 

C5— ^ J! 

^ tn 4ji V] .iajliJ! 4jUk ^1 

A jll JaJ ^ a^J S„1 a 3 oUaJ! All 

.(8 “ Ci .AJL-aLaJI 


(jiaau Jala :8 — C! jvu j 

^ftUa-4 



(jaijLuJI A-ilc- Jala l9 — 
(Jic-LiaiD j <j2al jC-L uLu 

3 f j </ 


u j »j ‘S- 5 -^j 

qAj— c\ o_PjU-cj P.W. Allerdice 

3 ^3 C-icluCaallj (j-iallS! 

— lil j) U i Ca xJ J^iaJ J 

V a—jUI ^ SljL JJIojj (9 

jd j ji t 1 ilVn j] (_>daj Jjl ^jWnai 

C_l * '■» i ViaUJ La£ — A llxaall AautJaVl 

• V i* « V»* i* * 

tJa^— xjJoaII ^3 oJSjCD 

‘ j J. ^jaaa.lailj 

■ d a j < JJ ■ tALjIail 


. . . ^jjgjJai^Lall 4 AiiS ^11 U1*JI 
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a jll t ° iiaj t jjSLli i-jlL-al J Darlington J J aII 

4»<<i3Ua ^ljJ)l AaJ ^ tLlSL-aj Lajjj-«jj£ L ^Vj lAAa.1 (jc- l^Lo 

*.. IViH ^Jajoil^j 1 ^ .' j j ^ j ^j^qj A-cIa AjjL^osI La-4 — ^jI^^IJ 

tiL-lj j C- j; » j t2n + 1 lH AjjI jjll A JLu^al l t,. " . i% y*n \ (Jliw _ 

fjj £Ha jj-a s^L^ll CjiO I3j tLal — Trisomy 

jjL a — <ilS — a ale a j^-aj — j ~ Polysomy aJI^JI 

aIu^i jjl SuLa a=»j ;)a^Aj — iac. ^ dil joilll <J£ (jr lc. iPloidy 

<10 <9 (8 (j. - A ^lljjll (j-lc. ^Ijjll I fr a S Ua Uj£u l*AiaJ (_£jau t — * jilall 

0 

Aiuiliiill &3 a ( jC'£j ‘Lajj^aj^ 29 j 27 d9 <18 <17 <11 
£-dll — £ a — jjbill till — o j- a>all j — « jx&l 1 jlxjj g-A j — AneuploTdy 

( ^w -u rt allj 


<Non disjunction ^ic. *3 a c-iijoij 

A IS L_iA3j bun tjjJilasl! l=ki _ )} A Ac. t ' jj l n-v> 

til — 13 J — ^^laJI ^LaiijVl f-lii jikVI i— liaSlI tliLaj jjAj jll! ^ 

SjL-_a JLa*l — J_i j — kiaia 1 o Ujj >u All V] <AjLuiall ^k <^JLua.Vl (JilS 

A uJ jJ ^ 3 aJUla. Ala. £ sj 9 (_^311 j Ajjlill Ail Colchicine ^SJl 

JjAill (jJc. jjjjjjjiljSl! <Jla. ^kj , jjLjII lujILuj! j tllLaj jj^j_£ll 

<(^11 — ulbj ^^ Tua ull |»LaiiiVI cLd^J jJ <A^alill tllLuj^iil ji lAla-Vl jIajuq jl 

u La^ — A^olill ^5jill (J^vu tClUijA-all jl^C-l ^k CiljjJd 

. AIaSL |aiUall t_i&\jJaU ^k (jXuiJmI jSll L-AJl - ■" (jl 
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Auto A (f* ujcUiaLll! (J^L^J A 3 j 

LJlK ^ — aj - o — (y — w*i?. jt <j^$j jI tpolyploi'ds 

^ 4 a\-^JI Lo£ olj-kll A^jlfLol j j-l^A .1 1 (Jc-Ljaaj ijjiiiLaJl 

.eU^J ^jjaLdl i\y^\ 


j — a — 4 — fr u— -* ^ f 3 U=JI 

a *jj ‘( 2 n) Diploid aj^LjaII — j AjI] jxjj lilj i^LLldl tliUjjjx»jj£il 

(n) A c . ajj a} *J 1 <» Li/iSn ^UjojVI 

L__£UJI (j j£j 4 Garden peas 4 c. jjj-dl J ^Lull ^Ala — Haploid 

Jl ^ a iIa — £aj n = 7 aj^IA^ — M a — 2 n = 14 aj^IjljaII 

j! <( 3 n) a j^Iujj <( 2 n) aj^Iua i(n) ^ 31 U 1 ^ja-su <<_icLAaj]| 

_3 1 . d> (AUa j$d=yj .(n) (^yjJ-kiiSn AAxli g;l . ..( 4 n) AijLljai 

£ 4 jjl 4 jlAj Aic t ^ 1 (_3 L&Ail 

> ' .*' ■ .. 

I ' / 

j ,-' ; 0*4 

9V> 

• v \ ' ■•■ ■ i 

L-,~l 

5 jail (>4 £ 1 ^} 4 £Ij ALajJj^jjS :1 — J 



t^jgll tiLyl^jjxS AjjLuII I 4ajIIa t_icLAaa]l AiSJ A3j 

t^jlLdl N. glutinosa £ jill £-* tNicotiana tabacum <^£11 4 luJ j£ 

A >A-v £ jj ^ic (j^* 4 ^ 4 *\ j H U-lLa s3J^ 4... 6& 1 i,< a l.] 4. i j j 

o*jj^ 
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0 

l cl *1 1 s-\ — All L ~ > , ^ C -l" Li] A3 (jJ-i 1 1 Al ^loAull J 

di AJU-cai <(4(1] SjAII 9 tdljjL wii l ^icldua (JJ-A 3 0° **•^0 dDb£jijj 

j — iisfy \ j tA £y* %20 g , Jaaj j (2n) O jA^ O* (J jSI 

0 9 

(3n) ii! O— * Ia^x ^jSI SaL2I oaa (Jdaj j^*- 3 *(4n] Water melons 

• JJ^ O* (J^-j 

0 

OjU <jOl j — c-i :p( mi Vl A , , fc Trisomy 21 iMntl 

(jjb . J — La»j J tMongolism aJ^jjaILj v_i j*j Ci3l£j :Down 

(^JA— _al A % j jS/ 1 jj— A- olill _J^a3 O' 4 (jjJjilftll — 1866 4-iui 

<{jl — tulll ^Lwul J duij ^jLui 3 jl (jjjl£j ^coiiuu j 

*lfrC.l. . ■m 'j lj A jj^a3j < QjatA 1J ^JaIaI) ^3 (J^ 0*J 

. » >A ■ , _ , l t ui LaJI Aau (_y^j t^A^all A j ^iAj]! (jaj 

__ •» 

dujj 0$-* 4jji3-» O'* Vj 4j V O^ 1 * Ojj^HJj 

•(3 " (Jj 2 — (J jxu»j) .Ifljlc. O^J-^f Axj 



4aj ^jLu*3 :2 - J jiuui j 

OjlJ (jil jC-L i_iLux« Jala 


(-iUi4 Jala f&j Jj :3 — J 
OjlJ (JaljC-L 
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^ wiiVl — k .21 Jj Will fjjjJjVl UJ^ Lpa'jC-l £>jjj 

- 21 £jj J — V - jl — sUVl 4 — L*. j* j - ^Iji^Vl 

^icULtiukll t,_-i > .^ a j ^. H*o tQulaall ^1 £j jll 

, 1 *$ 1 a q\ jjlc j^VI cUaau Vj 21 


— A . JJ JJjVl jlull 1/700 AJajili jjU j^paljC-l lIjA-Oj 
sL— i^kJI l ) -4 — j* (_^ii.iui 

— A, 1 ^ 16<2 Jj-la. ^3 t_Jjl*_-o Col i> c^jVl 5 jlJ! - 

t"jL j j jj jV 1 'Ajxiloll tliLiJaJjjli aU=kil Ai 3 V j 

j^., ..‘xj ^ sil fcM — Jj 1 — <ai . r ^ <— u > 4 j U li&j) 21 l 5 J* *-~^^ 

. * ' * 

. Cjj>sj 3 11a (JLo l j M-ia’n jl UaLJaj 1 lojj 

LS —&j — 1 / 20.000 lU*- 4 j diAijj :( 47 , + 13 ) 13 o-aljC'i 

— a^j— JaiJl j-a — l^_j_ji] fjjjiJUjJ Sic> A 3 jjuc jjc.j t(JlaiaS/i .lie. Sjllj 

SlVjli A*j ^juiV^ ^i) o_£x*l! (ji < t i-uau uir^j 

(jJbl C<Vl Al^> ijy^J .^^utll ^L*Ji Ajl^j tAlila Cj YLa. 

J t_j 'i ^ 9 AA^all ^JJ Ail*Iay\j o_y&Ua Auifti 4 jtc.|j ^Lolll jiuun 


.oJulc. 


Jja»]!j LuAi I j^oi (Jaj^j :{47, + 18) 18 
i (j±}\ k^<nll jj£I Cj j-aJj — 1 / 8000 IgJjJL-aik jLcIhJ j — 4jsiaJl t-jjjxil 
^ d_fc JULVl 6 -^j- (%90) j~» (> ^jVi j^iVi 

(5 ~ J 4 (J j) .o^)jujl*Jl _jjl % 1 1 
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tJU 3 .4 J fJluJ :5 - J 

X |g t_ilu^4 (lilal 

1 * 


HOOE3Q 

felQPc! 


(□□□□ 

(□oar 

IE3PE7 / 


(PZ7 Vs/ 
EfiGI 
K/3PI 

pppa 

POPQ, 

□□□a' 

□□□a 


UPOD 
T3DE3* 
1 1PQ1 

rap) 

l\lPi 

invxij 

IPD^S 

!□□□; 

I SOPP 
A 0OPP 

II BPPO 


PH 


jImj Ly iji :6 — <J f-uij 
jjjjj ck 3 ' (> 


:(45, X) Turner j — jjjj <>ij— c-I 

H/2500 

O 3 ^ HP* ‘Monosomy 

A... _.A S ja JjV (jj a x ^>j i-jUI £>» X 

4 — Jjiil ^JjaLj 1938 4-L-i 

0 

l JlaC. a-^ j — 0*^ 

(j — jiiVl ^ — l2uj <— aUII jA-a3 (j-a 

— l II Ajjujj ^pj-<a]! j 

Si fr jA I j fiVl A C— l a > «aJ Vj 

.(6 ~ J (^.j) • 
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jSAj jij :7 - J (W.J 
jj&jps J*\ jci (> 


47,) Kleinefeltcr jIiii£AS oil jci 

yil — ^>) X ■ (XXY 

£ — ix^aj C-l 42kJ i j£ id) ^IiaJ l ^iUaJt 
A HaJI o — &> JLojiJj — j£il) 

•d — (jjl ljJ ‘ l/500 

lAjj-ul ^aUoaJ ^JaJ 

j aAS AjArti-^ll CjI J j-uiILj Lu3 

■JJ j ~^» -» s - r - J ( ^ Ajjl JJ ( 

Cjj k-eaJi {jl-i — &bj (jjjjl- All j 

Ajl J. juli f.L— jJaC-S/1 {j J - £ij — 

* * 

1 (JAaJj — ^LijJLa * x rtA 31 j o^alj-ia 

.(7 “ j (~-j) jyi (j^ C5^“ 



Haplo-IV Tripto-IV 


_ \i\~i -?\\ \ -A^*r- l & 

X f J jj — 

(JLttVkl ) A 4 Aj^u t. tt l -Uj 
'-If— ^ t> O^jj 


A ,^iP S8 - j f-j ^ - U V ^ - xxy j xxx 

«_L!i jj — cj a^Sc jjV) aJuj) 

O J *lW tljljl L aKA.*i V \ AJjj — S\ J’vW 

cjl j c>\ ..^iSui cJ — diL£U L pjA\ ^ £y* ~ 

gp ni>3l ^ J jj-aj j3 4 j>w3I (CjUjjjJjV)) A > &x 4 > I) £*ljjVl 
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jl jlLj - (2n- 1) Monosomic t(Y J x) 

fjjj C)lj yli X 1 <— >lj CjUX^UI 

.(8 - J ^j) •cAf'J V Y jjiJI 

- j^-a jA - IV J Bridges <— iUJ ci 

(J^ . . ijVtll (_ylc — eU^JI A-JjLs ^ylc. 4 ^Saj _^uIj yjJ 4ailjJaJ j! AjIIjI ^jSxj 

.III J II a?J^* L*^J t> 
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AjaKJI djljj-aJI AjIjj 


CS k J Calijx-=ull ^iiaJ ^ Jjjt (jAj 

(j.l_i A — aaiiil jjjl j — ail X— i^l vi ^ — 2 i A jjI j jll <jjl jill AjjJj ^ill Jjj 

.Aal jjli Cjluil £-4 Aj jjll jJaIj*]! (Jiljj ^uJaljll (j-aj — AajlSiuil Calc. ja^aII 

‘ - J 1 /*! *•* 1 & j— 4 j-u_a£il AjcL«u>V 1 dilij^aall ^ jtLa :4 jj1jj 11 CiUlVl 

- ^ixullj Ail jjll Apis mellifera 1 jajlLo j-ai aILmaH AiaallS a.^.wV 1 

j j .q j jj__£jj — Aaaallj Aj juajil j AajljAiSLil CjI jUiVl Ai^iil 

— ^__a.jVl ^yl& 4jJ*jll A ^ jTn ^jlXtll jX-oaII jaj olaaVlj Xu jc. 

t ' <1 *>- ^ 1 L*Hag__ i t AJu hi aJI Alkali jl jii jJ.ll (J L^aJ^l A-dajl ol^j ja ^»£.j11jj 

Jb 4j dll J — ^ . * -■* — ^JUajVl *il jjli — <jl jC-Vl ^Jjja-a X & Aati*kA 

i j jiijxjl jjpA £ jl JJ Ji&j jAAAiil j3j.il jjil £-4 Aj jULa (_uo3 jll 


— Aalllajl aItwj ja AajLla Aiaj ^Jilj jJ,llj .1 Agin ^Alij f. ju/ jJ h-i^j 
A ' La Ajj___*AAill Alaall jjlaj — Alkali jja jla AjIa Ailiaa ^ylc. ^alic. Cjjwj 

.^jUaiii "<iur _j i A^iir u^ii i > 


3 ic 4 Jxiil 3 j3j Jc. CaLJ Jj> Ca jJ :Cili juxlil AajJjaull Aaljjll 

* • . © jl j— ail jl caiUall ji i jjwb 11 J (JIjUjLuaSII ^ jS LSjjUiVl cP»JJ*J 

<-jj 1 — sail lP 3 *^ J- Adler jbt .£ lP 3 *-? 

0 jl aII la JjL 1 jig — > iilliA jl Xxjj .AajI j al M I ©J-a 11 £a laj /i^ pl (JaIxj 

« 

jjl Sll J «a ( ^Jaj_^t jl jiAl (Jiii j jll £-A~aJ iai4 Jj-ia*i l^liljj 

A 1^- J4 Ax-aUJl tljlllaJl J jc- jIa! ^3j — A. 3a ia.a {^jJaxll 

.(jal*all (ilij <3=J J<a (ja 
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tPL- 4^* si— f <j 

jixUS yi 4_i]i^, 5 jL* J ij^kj pjc. ii c :a 
0 jL* j j3>j Ajc. :b 


L— jjjjSjII A*jtxa (_£Jllj 

tljLa c l Kc^ j j tj_^aLk j^v-a 

til J =£ (J Ji — k tUj — ^UJl ^ — 1) 

Jajut_jl1 jli. (JLi. UjjjSJI 

l^ xSja *J (j! (jj>i t&JlLa Aj] t> 

,4-dtt S.L&1 tiliij — ^)£ju 

(Jiujl — Ajlia. S-ibs ^ tllai 

sJ 4 ijj'^ ^J 1 b^/^.lll (j]-9 — AajLu^ll 

A 3j .S-iball fila-il ^ (Jjial 

JJ 1 ^ ‘AjiaS^jll 

(J t , aJ JaLuajl! Jjbjj o^Luaa 


S-iLall Li-liC- j - Jj ^ j_jx 

9 

jj £ Jill j Vj Ajuj totals 

o ^ C. LlixjJaj «13j — S JjLclII Lall 


y — * bji^ll J JJ-> JtJ^ 
tDiffusion j \ — bijVl lg — 1* i-b^jll 

• ^ 1 . . . L_CiUJ! 


t4ja\A tJliU^lkl dlljA jU&Lill Al& 4 Joj1|j 4j| j^li 
* »• 

fli jJ£. j bb^. l_iK 11 (jj% ii3 — ^w!j u_aik^a (_jx Cijl£ jlj LS J*. — L-&SW 

(j— - — Ij J L-lJjJall bmjj . ..ba^b ji tlijJal jt 

j i ^oiifcjj jyqjUuj (jjabll -b\l V\a — j^ u ^ac. ^3 — L_Dl£il ( j^ a j 

(j— S jj (joilill (j/j L-‘fllr\ j — 4jjC. (jliill (ja (jjfb iij — J^l\ (J^axall 

. ji *^>ll ^ (_jJ^Ju (j\ ^^Ic. (JjL-arkJ ^1 lj] 

Jjj-al — soil j ^ — 1c. Scott & Fuller jlj^j Oj^) L_»jUhj cAa asj 
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^ ^ <■. I>g\ Aja^all dili ^jualll 4 Jj 3 ll' 

(Ja 1 *J 1 *UaaI 

^ — a a (j- a y£S 21 a t. Yju al l (jjj-ajj c_ilijjl (jSxl 1 1 VCa j 

o^ ’ .i fli l CjI^jaII i it j t— jl±w 3 j/1 ^ja 2j2*JI ^tjj| j — LuVlaJ^J 

^ISillj 4_aAjJolllj 4 {_)ilL<l^J! _J (_jLu4a1I (_}a 3>*J jjic< S_)2fi3!j (JJJJIaII 0>3^_? *.^1^ 

t I 

a2^ J <j *b«jj 2l^__ si 0jjjj 2 xjj . ..(jj^^Ajll AjLISj ^I^aII L_jJhlj Sl^yaJlj 

• 1868 “Oja 2 j 1 ^)la]i qa ^JAiH (Jjjkl) i ji ti_ il a^N 

4 ) aU Ijj2 2 *-Jj AjjlSjoili AiliSl! L-ixJj :^gl /il'yVl 3U.aJl 

q . . jja^I (j — a jlS - 1 ' L^J&J . Ajj^jaII Uj12_laJ1 ^Ac, JM ^3 

^U-Ajaxll j! Jj^Ti |2^Aj — 4-Uill ^laVi ujUIjI^j 

^ jl A jj|j 2 *J 1 AikJj CjVUJI t _ J ij ,<9 j1Lj jX. <j^iaill 

t a h-y A.\ U.AK-H ClAJ^lajJaVl j LliL^^iil! (_£2 jJ 23 l^j) V] — 

&2 & ^Ic. ^ujbll ^jSaj .IVaJl (>J • 4 .J 1 jIjM _y! ^JaaioJI (_paljAVi 

4_^alb ujU*a3 ^1 AjuajIL (JbaJl Lo£ iAjj-sail 

( J- ^ajj j>A5 23 J .0 2 C- (j^Lu A_u1j2jl 1I {j^AJ IaS 

jIjII 2jo IgTnjl j2& CjAI jj cI^JLcjlIuiI s^ilS 2*J ^xii 4Sjji_kAali <— 

_lfr ajjiiAj AAjAo] diljjjJaJ 4 <LIaa <aJjj ^^lc. (JjaaioJI (J^aIj 

. u».k*i]I 3 \lill 


A j j AjIjjI! Aajfli (iljLoll (jl (JA j>C * jll 

Jj l -Vi — ^ 1.-J I 2jc> — til JlJi l2A ^^LIsa ♦ • • A^Lklall (JaIjjlII 

. 22 k.l jll £ j£\ 2 I j3l QA S 2 I 0 ^jb iIjI jia-Jl d 24 J — <±a.jliJl Cil jA^aIIj 

f * § 

(j -*SAj A i\ - Jb - jlljij Cj jSj- 1 l_J jUo (jA C jiU 4 I jbJ J 

^*'1 . .'‘>V 1 tiljlAuli ^3 Jj Aga-ull CJT^ ^ i^jS/ 1 (j^ o2liiu»V^ 

j jj JAXULA JcUij ji JbliG _^a1j iiljLa 

.AjjjII (JaI j&j 4j) jjll 
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£ - > k g j d qa 

CjI 1 ^IxwjIjj {Is LjjJl 

l iall ^laSi "cjU-aUl" 

. A — SJJUH tljUjljJ ^JOjuLO lr. 

i Eco R1 fjJiVl a 

GAATTC jjI ill 

f — “->) - A J G (jJJ AxiaSjj 

O-o 

<uLlii) iliLuJJVI :1 — 0 p*Mj J jp <jLc. U {Us q^j 

J j >> i*i il l 

1^ — a> (j-a — iJjjj - Clonage 

1 iill £oJajj ‘ JJ^Vl 

* 

U \At Vecteur J-oL^ 4 _ y Ic. 
Plasmid ^ ^ j. £j 

(2 “ U -L?J^ 


Ui Ti i 4 :2 — <j jVJj 

jjHj ■ijjAuiL 4JLx)l 



^TJSflsT 0 ‘If ^ dJdifs 
1c . >uvn •! 


Appornffent 
& (rejmmTj 

(ADNIijokI 

’'jlaSr 0 


v w 

^ ^ -clWjQiJ . 
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o% 


. It A ^ — Ic i — 5 j *-iil .aL»U. (Jiiijj Jai^J oAauj 

^ - "a — U£a!V ^c.1 jiil £jl J3 Jc. JSjjj Southern 

•iclal) (jl La£ ji L>jj UJ^ G S^c-Ull L-ilaoj JaHt) c e-icUli <ji 

•T £« £j\ Jjj A 

u Or^ 1 J L& ^ ‘ CS^J 

^ Jr. 4 __j1axII ol . A Jjk-aj5j Oul£j lo jjlajAll <^A .lie 

t jjl— ^ylc cjjlaJllI $.l^pJ (j^«ua . jjLoJI£ q jj« k*-i\\ (jijill dj\_ma->>. 

pjj AaJi ^ <-J£J c <ji V] ^ IjjjftSAi ajluuIU (JIaJI La£ 

— _jj\ y a II .Vn > u^ll ^3 — IjAl djloj^aJ ^Ajuu V 

l I .V - ^A j - A thrill u_ft^L*Jt dlU^^A ^Jtjy <lw)LLai! tJjLaJ^jVl (jJj AaaJ 11] 

lull CjUjJ^w ^1 Spheroplasts CjLj^IIj Cal ^ ,> ^1 1 ^^ic cU-aaj 

1 ** <1 *fj j 0^cl_ jlUAJ 4__j^L*JI 

y — JjA Aj — 

Glycol polyethylene ^ — jAut 
^11— <u (JIajlLuI tj»J L}*J 

tj jj-wM CALa\_— -aJI Q—A 
0 

\j. -a i U IxJJ lilll 41 — iIaJhi^II 

4 4- jiljjll 4— __ (j^aliJI 
^i_]l jLir JaLJ <i]U J 

^_J j£ .! ^ t-icljJal]l 
lSj— A I — AiU. ^kj 

— g.lj .tAI (j — ic. t4 — jjilxA! 

^ 3 — CALaLaJI j&\ 

— *sJI Cj. 3^11 


Amp 


Polycloning site 

PJ *. 

f 1 


LEU2* 

Yeast selectable 
marker 


E. coli origin 
of replication 


Transform Amp*E. coli 


/ \ 


Yeast origin 
of replication 


Transform LEU~ yeast 



E, coli colonies produced 
by Amp ' transformants 


Yeast colonies produced 
by LEU ' transformants 


.1 - Sjjaa -3-0 
UlU JlUS 
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^ 'Ufcti CjL-iUc ^ 3 coAtt* Ja, C£U-=Jlj ^^A*j ui&L^j 

.(3 - 0 f^j) .^liaJI 

■i-S J - «-J jUa*B (jjJ t ^ i.ui.7w jb (JjfttaJ! jLu^l (jl ^*«ialjj 

* 

Saccharomyces cerevisiae Ij — l-H — wu-ajjl^ Sjj — ljjjIxI 

.lAjjjiuJ j 1 _ A juaJl JIJjImI j t ^."naJI 


Iaa t L-*\ j^«vlU <L15 Ajn'v ^-aUc. J^US jjjj.il! JbC’ P j*^aLi*J! 

jljl^j a ic. t^C-Ijill (j-a l^jj 31 L^J^J P — l 

ORFs 'UiaJ.S 4»auiLa . 1 C-I j3 £Jjlj *■** ^ ^ 1 ^ 

.(Open reading frames) 

gj A J ORFs (j* jjfll jt Sa=klj Ig J^itilj 14 UK II jjc. p jwaUaJl — 2 

a c.! j£l) 4 (J. — fol j lIli^ j 131 Vj JijjU <Lli jjc 

.l^jaii AjliJI <ORFs 

— A L-aSlj ji A — LjK — P jwil VtJi £ \*y Aaj 4-UK11 P jjualjxll j 

.tiljaiU ^jjj^I ji jjAx^l jdlb 

CjI — j j»ail j=J s- 1 *^ :Microorganismes 4 j*»j 4 jaJi ftuo&i 

C^aAL_jui i A j^rvll Cjlj\ irf-idll ^A3 — ^jV-u^yi ol -l^ ^3 <L*Ia I jljjJ 

(J-^J flVl jx&li t> LK^^i ^j jl xu jnl i 

{^ys^A^i\ j j-il a'vll lIjI jl ±siaj CIAIlaVh&II ^3 CjLjjj^iaII l“ i^Vw J 

Interferon ujjj a i j j-^ili j j-^K CjUjj jjJI j 

4 — C-lL-a yJ3 i juAall CjUUc ^3 Jj3 (jiUJ V j ,U jjCj 

{j— 1] C_i_u<ai . ..ajjjllj - V »l ^ l_jIj j.*< xll j |jL ^| j (jf^i J jiaJ LS 4 v'rS j 1 
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A — jjjjdall A — JjiduJI CjliaJaJI ^ 5 ^- 4j J $ > a\\ dt £ l£ll aAA SjA3 lilli 

...^ji <Lli CjUjIaA t _ s iJ eUxVl o^axj dAIajLill ^ jau j J-LuV 


dal — (j — a dai =J ^Aj :SCP 4 j1aJ 1 3.UVJ dUjjjjjll 

4 jaL—waja^ <. ~*u A ~k u J J £yaj $ Axulda JaLwjji ^k die. j_)j 


( jlfr dalijTaj jjifl eAA diAc,Luj ^3 j — (Jwjj^U ^Alwlal pli&j daljl ja^JJ c_ilc,^ 
Ulik. ^k Jj^jjjlailj jjj jaill£ — I g^Vn Csliujjill (J^axjj AajlLiVI 

jj -a — 4__— JjljjJl ‘UaII^JI (.J dlt J — C-IaLlI) <j£d A3 J — SjAJI J jA) dllijjj^J 

4__jcd jlaii (, j \ .,1a j l— ^ 1c- dal - j\<»]l (j a 

JLjajjj — J AjSa £j\jj j - WaJ t$J ( ddu <^1 

cA_J RNA polymerase l^j— i jit J jWjaIL <iLajj £jtu) Promiter 

+ j ? j—£*a £J 2) aia> 31 £ jJ ^ t>°J ^UuuiuVl AjUr- 

A__Llda>J A.„jl-V ^ — a a j AwL>bll (JaAiIj ^ ttfUiaVi £-JJa4 Ajawl^Lj ^3 ( jAAajJJ 

1 < LaaJj dalii^J CjI'ljIj jjJl i^ya S jajS Aja£ daVtil du^j — Aw^iIa 

.djlAiAju^Ul 


tjjAj^J! j— a j - £j±oJ idUdjjill Wall dl luki fl 

dl lij jjjUiJlj jaJl oAjjSoj - ^a! 1 jjSjlil! (j jojaaI all 


t j'l j l ■! V 1 ^cjjl & 1 982 (^_s — ^jj’^ * ■'■11 dal jd i J j *\ i ni l ^jju3j« a^JL*a1 

^Recombinant dal — nail aa^jaII illill dal j LjjaSjII ^ tSjA J jV 

VII J j . SVitt JJ c. 1 — JJA&J! (j— J jia u° uVt " C/ j4^ 

"4 — iajiSl" daVl — ^ gj — 3) J * * jl l J^l (jj-* J 4 J ‘(f^ U^* 11 

.(Dwarfism 


^u-Aajll ^ ji jLa— xiiVI (JJ*^ — ^) ^-uai*jl Li j u $ l ±\ Ti Joau^UII 

l' il _ *\ y\\ jic. iAjjIjjJI AjoiH^il ol^Vl Ti AiAwL^Ll! jjlIxj ;(^jI±J1 
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-im- 

1 >-:S ..••• 

*V/ - 

S ' St:' f . • 


JUlsVl 2 


jjl_L 


0^4? 




J Agrobacterium tumefaciens 

j Aj — JiSVl ^ LajjS t 1 n»n Jl! AjJj]| 
>,T\ ijbw J — ^ j jaj! 

. Jj-lii AjI Jj ~ AftJn oIa cA^iiil 
(J£___jui Jc. j£)l£llb bXiJI lam Ia aIc. j 
o—* Opine u^jVl SaL ^bjbj ^1 j j 
oaA -Arginine jSfl <->t£bla 

.5 <dai£ (JaxIIwu] Sabd! 

•(4 “ u (^j) 

J jufll ^ ylc IjjjjlIiII o j-12 
Lg tAj*n% Ajo^LlaI t A.* ^>a» 11 

£j j 200,000 ^ — 11 » jjjS Saj^b^b 

- (Tumor inducing oja-All jal — Ti Sa^x-j^bll (Cilajjill ^ 

4(jia__iJl ^Jj Jui^il 4jil~y £ja Ac^uU CjI axajuj^bll jjj 

(■ ntuTil Aalidl bj ' J a^JjJj AjIaJI 

Transferred) T-DNA j Jj — iiall ball ^Lu i Jjj^jII AjLc. J^U. j 
J 0*al! - Vv^ J ^ajj Alull JJ Jajjj Ti o. \u fc> ^M 4> (DNA 

• oA^lj A jl* 1 . , <■ jblLc . o2c* g^boJj . bo £3 jj«o 

J — 2jb Aj^aU. CiUjjji iT ball ^ tCibaxll g^axj JjSj ij - (5 “ (j 

C jL ^ lijjl j (^jb^a (JiLi Jc Aiuil b^Li, (J*_=kj 4 Ajjbj Cjb^a^yk 

Lo£ 


fljj&l Sj^a :4 — u f«uij 
Kalanchoc jUVliS Ai jj J 
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jL\ £ili (CjUlia) U ill (JA jiai* JaI :5 - CJ fj-* j 
Jjam£L 3I 4i&udjJ 


lul^pJI JULC CUjjI^JI CLijuJUL^JI OluLflJ 

Restriction ^ ^UaMl tlaLaj^pl c-JiUiu^V ^ — I 

(jial— a^.S /1 Ajiaj (j-a J l) jVl < enzymes 

1c. cJ>^— _x±ll Ua ( ja j — tg lui.\*rii j Ig-Lu l_a11jj 4-m a $\ 

. Cj!AJjI ]1 (JjolLuU 


^ Cloning 6 JA&J jl AJLaJJ J] jL-aJ 4 l_J jUs-all (JjaJl JJaJqAJ A*Jj 

Jaw.ll (JAj •J-jj*-* .J-* Lo£ 4 ^£Ia -lajujj 
+ | 

Ja_— jLiij ^—9 < 1 ^ AjLua^J Ajkjoi^o]l .1^ £jJajJj 

Cjl__-iiaJl t>AA j aJ^xj jaUj ^jiaJ lf*-a jjISjJj jjISjj! 2 aa 

.lllil (JxxiuU ^!lll ^A "lLAj j^aH" j 

(J jl <~- (jA AijjIaJl 0 ^ 4 -J tpLalaJI 4 AijLuill a£ia$\ 4 il*-byljj 
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lie cecity! ^ill Luciferase jljja^jUl fjJiS/ iJLnW 

y_i a^A^Ull JU.i tl jp.ij ±iaJXi 4-SUijj iclililjj^JI q^u 

-r^, r~A\ ^ull qa Alii ^c. (jSa! tlilAj Nicotiana £jj3! AjJi 

<lil uaJl ^(jl£ji) ael j3 oV {^UiM llilU ^Ld! a*j tiUjj 

*» 

i_el jill t>2& ^Li j JtiiLTi ^ V] (jliiilj Vj <diLullj ciiljljjiJl s.i=Jj 

— t S^e. aL<j — dil£ "A^m-vH jl diLjjJaaJl L*\Vi (_jLaj 

• dUl^pJlj jjiaUuiVl -ll-le ^ J (JUllI 0jaii 


JiiVt q diLiujJi (Jali : 4 ^a 1 a!) tlLuajj^II Uiii — ][ 

0 

3.1^ — uaUI "Aj^^oH" (Ja%j Lo Lite j — t—UjliVl ^3 dtiiillj -y rcVi j 

^ — Ijj (Pronucleus) L& jlg^-ail (JjjS clUijjuail AjI j 3 Aiiaj 3l j!i ^ 

• (6 — 0 r^j) ^jSa. <kwl jj 


Bring pin DNA-ccated tungsten panicles 




Target cells 
or tissue 


Blank charge Nylon macroprojectile 


Air ' 

vents Plate to stop nylon 
macroprojecti/e 


ilUjja. <JiL uiUUil Jj^U AjjfxAil dLVMj fj^lL ^sx* :6 - 

iSjUil) JSUH Liali 


0 ?*« j 


<|j .AaIujj (J£ ^ "Aj jjaII" ^ ^c-uiill t_iVi J cilia 

1 ^ — ^LallAJ A — aaj cjj i AjeLacw CjLi.Ldii t-Vw* 

. J $. laJ lx ^ic< t<ij| j^iC. 
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■j j Sli t^A4jia-&ll^ Cj\ x *~tj jjl tilt jc. A ^jI j! 1 jljiill jli t jlauj l_-^ j 

jJ JU (jl *A-mJl u . i£ j3 tliru jx jit jlrkSM t-Jcl J 

jj — rw^l j U£>^) Transgene ( j i y^ l jail Jxjkj a^xjuJI ULj^Ia. 

.aIa^j V 

jig, ju Jir- 4 jxjII diljjx jA ^Ijjy (JxlxxS I^ILmouiI Jj AiLjayijj 
* 

Transgenic I — 3 jj — a^JI jl jj — ill ^.i*j — Jj .ijc-j djljl j^i 

jl (Jxjpdl j xj — tljlila j-xxll (JxC. ASjjlaj tAcbxlIj jxjll Ajuljai (_JjLkiij£ 
A__»_kil jJ J J AjjIjjII jJal jxVl J to Jus -a l l Cjljl jA=»J Jll-lC J (Ji.Ju 

. jjj*yi£ Aj-lxxll jialjxVl 




Retroviral :4 — acUajVl cjluijjjiH <> O^Ulb <Qa^l jjjaj - III 

t 4^_ilia-all "AjjjxIT gJjJ £9 jxJ j* (Jt^jj-J AjjJjll oAA ^JUj Ivectors 

— t i l Jjili jJsiIaJI 0Jjuu 31 ^9 ojj"k./ill Ij^lawll jjj Ij^ti. (J 

,4jj 1 jjl! L ya\jA$\ jlat-J A m>ll AsJUlxII J Sidj AajjIs 

1 Ul AjIaj , , jrw :4 _uluiA .11 L&LSJ1 uLliu AjuUjJVI J 2 I v»Vl AaJU-4 
j j ij jU^i ajfc 4 Jj!jj jJ\ja\ c-LxuJ j£-al t jjjiui*J1 jjlil jx J^»Vl 
b l £J* bi_& jli tAiljjl! ^ jx ^ jl! Jfrj .UVl a£IM! 

j—lJj u c. tA^^lc- jli Phenylketonurea PKV Ujjj jj Ak UK 

Jl a. ^ tJ—iiaVl ni^j Jl jj P.K.V. — II j VI jjl! A-uJI 

jlilA ujSjjJjA j JuVi (J nfl j» — J j&U -*J ^1 0^1 J ® jk 

t jjjjjil JJ ( j^Vl Jjiii) Jj*Vl (ji^UJI Jj^j 5 Phenylalanine h. 

^ 1] A la ~ -uj9 (Jj j^JJj AjjjJjjjII 9ljxll ^£.ll t^-lll J ^£ijija 

^ a IxjIj !ilkc. t-LUJ-J Hex Jj-all Lf Ix-t ix Jl jl^oJl Aa xa - iI I o9jA»x Cjlslki-a 

:(J^,ljx Jc- ^M*il jJjj .AjiAJ Aalclj j-Uall 
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. cjI > <> ^ (1) 

tj JJ - Ajjw LpU. <>» - (jU-aJt (j^Ii <J£* (Jl^*} (c_l) 

.^Ul 4-Un*%ll UiUJl 
• «* • * 

jWV J A^\>^U.m 1 ■J SapaJI UiUJ (JU.i ( c ) 

A i A-i jbnI^Jl 1 „ j^LaJl jjc. LftLaj < U^aLa AjuujoJI Ll>Lx]| (_ji Lejj 

. 4aii^u Vj JLju AjjSjII o 3A (jli tjjLuuyi Ale- dlliSj djljl j i^. H 

Ual <2kJLiM J AijJall a AA ^AVu4*l iPKV 11 Jj AiLiJayLij 

Sickle-cell ^ — Ulall ^i_ll j_Jaj J s-y^) Thalassemia 

cl j—a^JI ^aII LpU. (Jla J) c£a1I (^JJ 4juaj) anemia 

IjjS/ 1 Sjjj aJ J Citrullinemia 1 unll j tSlijJl j 

• U J^j (U rea 

* 

t_fil*JaJ (Jj (jUxll QiaJl (Ja-4 J-uJl l#J 1 (Jay V tClVlaJl £Ac^> J j 

# 

(J__U Ajiiill ^c^j 3 i-jL-cxoll tj^aJl (jC- {jla^xlujl □ ui - 4j] 

2JLia ^ ^ jll Jc. j - "Targeted gene transfers" 4.^11 ^j^Jl 
ij , V 1 W- 3 ! VJ — 4jj 1 (jl^-^yi (j^al 1 Aaiaol) *aa 

I(JL^-a 11 lAA J 3 (jjali t£.l^.J 

— J-^— ^ (j^c. “ 4 ju 1 jjll <wii$Jl ojSa •AjjLliII £ )jy| jjjlaj 

3 UJ^ (J t>J - U 3 * AjjliiJl L-a^ai. j - (jU^l ClU>U> JJ 

(Jj^ aaJ lj ^(^Ijjll ^Ijjyi Sabj tjjiuall 11 a J tjjall ^aila 

* • • iI^^^jO-IIj ^j^al^o^ili *Uo fl-o j| 3 ^-Ul<o * N i >«>. 

a — i J CjLj Ai:Ull £l jjVi s J a J jAUillj 

‘ly — ^ajL-aiw j — J Jaj Jilj-all Almll ^ ^3 — Grafting ^jxJaill 

djlj — o) (jj—±\ 1^-lu s Ji uiaj t Ja^l Jb la^lj Lcjj Jllj 


129 



— amil! 1 — jK *u *l> (j C. jiaill <_j 3J - <_ Uj§ £- jj (JA Jl ^ jj]J 

. j^All f-uill jIaJj jlAjl tClA*ia ^^all Aj-iill J ^jj^axll (Ja^J Ia^Aj 

jl£ IaIj .l^LaJl Ajaaj Ji jaj t^t-Ujoill Axtjj eai-lJ iJjUaiAlt lAA jaj 
jl j ., jjjW (J j Wa £caA ^j^aaII ^jaS t j^ila^A jjCjj £jl jj (Jj^JjaaII ja 
A -jjlall IjA ^ s! jill LjA jlg..i*V:l — AJLaJt aAA ^3 — A3j — 

? jlfrjaaiVl Iaa j C ^jlall jA Iaj Viillj (JjL-aaJ iJfliSa — 

j — L-laC. (_ji j — a a JJ — *aa 3 AjJaS (jc o jlac- jA j — A^uSH ^ ^jfc? 

— 1 — -pliJl j— 1 i JJ ■ ft JAC- jA ^jj£jjj (*»»(j1jjSM jl £-A^ll J jAaJl^ 

jlaj *J jaJ — ^Aaitaill CjIjjaj^JI AaJ ^ jajJ fliLA Jntiij ^^3 ^ jjjj 

ill Pectinase jl ni&j ll J Cellulase j^jlLill£ tlsUjjftM ck«j 1 U^-iJl 
Protoplast til uj^jJjjj ^ Ij SjAi-Vl &AA (Jjalua — l£iaJ! AaJxt e_tjAj 

— (J J ill Aj__j1c-V A jin'ilU AjI 3 c-^julII J-^jj — ^tj^lail Ax- jjjA Aal^ 

k 1 a. “i ttil Ij A*_f j tAajUaAp L) jalLi ^Iajj jaJ ^taui Aalxxll jj£u j 

' JA ^ 11 ^^liJl gr-jkiull jaij*j jaj .jjaajoull lIljj^j^jji 

ia Axllciil J jIaJ! jJavil ^jjo ^ill (AHj 1 Ac. tl^lajl ^o. cxjaj 3 i jy*A 

jjjVl 4 ^j1aJl 11 Jajjjll ^11 c^iLjaj ilA AjC. . jIsjaII j! ^jaII lAA 

^ Ic. j * j ^ujaII (j* 7 >J j~wl jjl ( ibjaj (IaAajj . A j .i.*r »Vl tlx ^jill 

dl— AjjjVl jA*aujj Ijoiwlj — Callus (j^jllSll LpLaJl ^ja aJj£ jSji 

3 j A-v.l l ull aail (Jj»J*Jj ja.Vl jii la.1 jll c-LiJaC-Vl A_AalaJl 

. _jjl£aJj ^aIi] jill ^ i V-ill jxui^jll ^3 t A ijHa^ll AxUaIU ^ 1a > j ^illj 

^ lc- J J L-acJl Ja.1 jA : Jjaall Axl j j lAaC-ljjH A. jUi ll LaUjJaill 

0 ^ i 

(j_A A3 jj jjA Ifr A j ^Jjaill ^ jj AaLaX ^1 c.Ia1*J1 Aaxj ta jIIaa (JaLj jl^oll 

Ijja j j*l^aj l^^-S A%m)‘', 1 ^Jl (Jjaa ^aJ tajjiSj j JaII A j> 11 jiH 

^ > 

J J (jSa! <1I£a j .0 jjAA aJjju^I ft j=L-la lAiLii lAajjj 4 oa (JS g ,-k ijl 
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A t^aJUJI f-Lail AilS ({JjJalxJl J^-^l L>* ^ J*Ac ^jJcr 

^ JJ^Vl Mx\\ 

<j j j!u j i \ -*-» 11 ljLuJI Ija (3jj *— 1 . l u ^ • A-c) jj 

di\ lu AJ^J jj jjlSlil ^jj Sale. j - & jji^. Nematodes a jjLuII Jaua 

(Jijjj jj! ihA j V SjjS.V| *3a ji Vj — ^»Vl <j- 1 c j-^jj * 

A a>l -\JI dljlS ilj A j* .jbckS/l t-jlc-i j^i tjlajallj (J^al j-aV I l$ulj 

! e& ‘IajjjSjj Ux^ll JJC. jl jjVl j* A*a. j Vn 4A l£/Li* £ jjj Joj-alaw&ll 

(jlal^aS/l dlLjjjja j-a ^jIju <Sjaaa 1I jLi-*iiVl AilSi AjjuuILj (JlaJl 

.Aj^*_a 11 AjcI jjll 

1 j^li. ^ a tAjjjJI ji Ijall (Jtdaj ^JLsjjojV I jlaj jAikll Saj^. j A^.1 j j 

l^Tn^iT.i AJaLi Aj^aliJl djLyjjVl Jjjjla jc, eMonocot AllaJl SJa^j 

J .1. aC. aa3 lg-i3 Sjj^-aII dla.jAh4yb]l (JlaOl (JA j 

{j—Jjjl y — !jj J j SjUl l Sal — « JLudJ l^i-oj - {j j=J jjla J) Ailjjll 
a — jjSj <s,a — j al* jn^JI J tdlliaJI jl^ J t Polyethylene glycol 
^ — a t^Lwui uJaJ jl i (AjuakJI j! Blastula VjAm^ 41I * AdlAil Ai^j-all 
dil ja JI — S>J j lEletcroporation jt£ll A_kj y ^ jUJI f . L^; \\ 

IS — \}> (Jj— Sa (jjUl aaA ^JAa» (Jfl J — S jjjS 4£.j*aj dills ja^j 
^—3 (J j. > rf*i l *> o I I AiC-Ldua jS^l laS&_j lg_J jljiJa'yl jl l^i^ljJ ^ja 

...^jli^iiJIj JjVlj j;i*-killj S jail j ^-aallS Aiiill Saj^j j-l jji ^ aja*ll 

— al_AaJI j A oaJI diljjlSli joj AiLkj Aj j^a -4 dilj y V»r. : diLm j j^ill 

1/100 cr—^ ^ ji^>i ajjj V aj i^jj^iyi jf^llj VJ (jjj V 

*U l) j**U 20 j— 4 J jSj U Qij (jjjjill jka ^Ijjbj - IjjiiSJI (ja 

•f * u 200 — II Jl_p.j (^1 (ja 1/1000000 " Nanometre jla jjb j ^ 

* - «• 

j laj Lj Uaj^i 4 (Capsid a^lS) jjj di£l c ^ dalkj 
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VJ U * 1 ' ^ — 3 *Aial! ^5 Aia AjULj j - UjSi J lull fjA 

l£UJI Akjj L$jl V) i JSHSII Jc. SiSlill 5 jjSM CjUjjoil! dU V j - l^LaJI 
.Virions uj*J^ J M t> <1 V uc. Aiu^uJI 

j ■ £ Aj.i*-aJI _)* a ^ ' * Hjujj La lIjL^j tlK®_S 

... j.^JLj/1 j! hu,)lj Ay ^-i-v U^j 

* Lg-L a CjUjjjiall (j>i c-ilii-cal S^c. tSlljAj 

3 xuaJ! AliL ^ U J j^j ^ Adenovirus <jj (1) 

CJAjujJ .23 j Aj.*iLaJl -lie- (JJLiit tLl BPV — I I l^laj 

. • * jl £odl 

l£j — =±*j :a — jc-L^j JVI — wjj^l J Retrovirus jB (s-i) 

el ju»j — AiuulSll jjJl AiL-ia^la — all Ij^li jl 
(J <j-4 — ^)JJJ La LlliMJJJAill 0 jjb (j-4J — 

j,3_ jyi C-UuU La l £ ‘i «a j — Aailia^ioj AaLk ^11 (Jj-^jTij Lfc jjISj ^Llaj 

cJ ^jj^iil 3 — afUc. j t (Human immunity virus) HIV US 

y^' ‘^LhjVi 

1 — l£%} 4 :Uj£SJ r^ 4 j Bacteriophage ^lijjJSSJI (^) 

ail 1 iJill l£ J'' j La C-jL,.! e3& (j-aj “ Aan^iuai 

■ <^jS .Vi t n^Vi J oSxjj Herpes jjj$JlS 

CjI — LU jjjiHi Ig-ftSUa djLui_j_^iill i_8 u.^tj O^J 

A — jjjjBj ‘( s ^ 3 1— kil) jLjl&l t> £jj 200“ 3 ^ Aajlill 

• t> £jj 20 2 aJj* 

^ jaaJI 1 ^ Haft iiljpjj \A*LIi£. £_L=»a 4 AalaJl CjLuijjjiiii (Ja-Jj (ji «1 *jj 

» AaLiJi dilajJ^k. qa aJ_^ La Aj_^j (J&lfljj 
j j±~ — diLuloj Vj A jLia . CaUajj^i jlilc.^ cjSaj Vj 
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diic.1. u> 2 ala — 2jji jjJI i> t<La^ll cASjU^I 0 ^a 

:<JljVl><kSI A®1£ ^AkluU tSAlAi. clAiiryj Jail ^\jj| 

±-*jy Cjl— .JJ^I :<uUiil L£^l </ U.1JI JjJxj -I 

(J £^ol (JIIaII (Jjj *4 ^ylc- J .A_Luj jjJilt (_pal J-aS/l (J-axJ Auo dlliJI 

(Tabaco mosaic virus £-fA\ tilyl jj* TMV ^ 

^ — a <JUij ^u3l ^ i£J jj^ll o^j* ? j^J tiilj j 

.CjUjJI Ij^Lk ,\i^£lili (J^^j O^J ‘UJ^ b; » 

t Ji^Vl a li.iSI (Jja*j3 t^LUlIj <jj ^ ^ l .,1 j 

^ ^ L> * J> J^j ^*J {jisl^iU £ JJ ^Uj] j^liUjj 

.Cla^jjjjJI ^ j^Sl 

Ia jl — kiiit jjl ^jic. — d£laU£ cIjUj jjjiil (J^aIuj L« jisl j 

j£a j .dAjUill ^ Jjlail — (jVl — ^»1 j i jLjjJoaII 11a 
liL^I jj- *iLul jj* (j-jjaa - TMV —II Jl AaL^yU - 

*(7 “ o ^ j) *Geminivirus ^Ijlll tljUjjjoillj t -Lmial l 



Wall 4*1 J>* :7 - 0 
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It ! jh L— LU —**< ^Jl oJA AaaaI 




(J^jill ^jJLU^ix A?kl J Jbj^Jji Q A L fll lvij — Ajaivlxa bab j*\ — L^jjjLjjj <lUil 

j-, ttiVnj — AaliJ) *!_jj -^.>^ 0^ *— 1 ‘A* V ib-ill £yi 

Ain -_ >nl^j io_jall£ iAalall 4aalcJ ^3 UJ^ ^^all ^jljpll CjL-dj^iill 

•Leaf hopper A?bjll 3jj}\ 

C.alu^j 4_ulo]| al j-dl (ja ^jjjSLII ^Jc- J3j 

Jllall (Jjfui t _ s ic. /CjIjjj^I]' tlj^iljS (■* lUtnj <^11 (Jill llAij^bll 

^j- }y t\ ai*-II J j — & a i3 — J^juil! (j^aj^Q £^lc« t^^uuVl (jj>sjA — 

i#ja_ - a^JI A..— jL^i Au, — iri^Lj ^ — 3 o j — Lkal j o Ai (jJ^uuSM 

— o^j — jS Cjljba£j i * u<n li — Saccharomyces 

'-'^ .3 L tlabja^ II AjA t JI j t 

...Ia^jC-j ^jaluuail^ AjjjaJI CaljLja^M j i^jJiJallj t ^B|2» B 6...) ^ubaiilj 

4 j,«a tulL^iL-j£ t Cal kjj jaill JLuu*iiV oAjAc. t_ajl=kj ^jxi ‘tjVlj 

^ 3 t JP— SI ji JULa) i-ibi-xll CjIAjjj (JjuAmu clua*. ^ ball (JjAju 

,gj_j3all JbJ_jbll (j-a o^jb^u jj£bal 


^ _jjall Jbj^jbll ^baj ; ^Jbll cjSjill ^^yic. (JjAnal! AjIaC. ^L-aoikl (jJLaj j 
^jj^l j tjl oJu^aII Ajc. tball (I (j-aSj \ .Ajualik CaboJ^j^ 

a^o ^J] lU*j ^ fjjjl (J£ J 3jLj_9oil ajc, tLj 

--!*>» uilli 


lAA. 


Ifllj ^yll ftbalxll Aaju ( Aaj^uill A » V-ittl l ^^Jc- (Jj-^a r bl -i*_J j 

q \y\\ { y — a uull (JJJ^bci (Jj LJjll ^jJc- lilljj ^jjL ^i-v J°> i^j^La Jojuij 

Jl ial l>*j -Vl ^a^X} j4=b I JU.^1 a*j n-j^ikAll 

^ 1c. J j ■ U l a^A j .Uba alj-ftll b^a-ll ^ iAijaLill Caba^il 
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.S dAys jjA\ ^a^y j tRecombinant ^aj la^ Ua 

^__3 dAiiaJl (Jlialj (Jjjbujjj ^ j j L>* a*J ^yi] aj! oLalc. ujAa a3j 
CjL-aj jjl ^Lijy tUjjaj tajSj Saav djLna. <c.lk-a qa IjjS^j ai - l£UJi 
?iilla <jl£i 1 3u£a ...cjlallj AcijjMj ^-b wal l ^ aU^. ailja d>la 

^ JJ 0* v - j*j ijlL* & 

(j J>it (jl Sjl ^j — a <j£j (J£ CJ^ “ Lalc-J “ 1 4 balluU Ij3 J*Jj tAAlLttj 

U — « <j-J — ^ £ J — ^ £}— J y*y J *0^) U- 3 ^ ^jSM 

£ ‘ ^ ulUj {jlaLa^kSU £jIjj] 1 cLb 0^-y4 o^u^Vi 

1 -^->i£. ^JJ f 1 Aila. La laA j .1-JjDn.all jkJ^jSn jl (JJJj^jJi 

.di j* ^ Ajlaj <^ic. aIjIs ojas ia Lu_^ji ^ j^kj L^jL-a 1 j» v n 

LjSa LaS — 511 jjll c-Uic. ^ UaJI JjAu — II 

L_£UiJ ^JUall gi jl jp. (Cjlli 2 k) (j^k (JUai ^ - UjL* 
dJ a dila tSa ja> dA jji^e. — j — a ajglll dijl^j — 

A — n-jL^a ^jL-^aaJlj <A* ma!\ ^_nil£ Ajj^c, 

I— -a j (Jiij — juwvil A ■L'^j La — AjLaowi — Jh\ V] Ak.1 L_i^*j V j • . . (jl j..|’i^ 1 

. jLcuIaAll la* <L_ljl^)C.j djLktia <<— JjLaJill Aic. ^axLa !u 


l jLI l dA ji jlaill j > — 2k j cr^ <A^adtt d) ill 4-nJlc. diil£ a5j 

dUjdiAS di^aaajua) a5 tdjIjdaJI qa jjj£ 1 1 (jl Vi — (dbj 

- i gin .in axj dlnaJI JaU Baculovirus dL-jj^ 

a — uiai^J! c A j > 9 j (J * riQi 1 jjja" 4ja*^l — SajasJI j 

•Transgeniques ViiWaijafl LjU^yi jl - ajj!jj_J1 

l.(j. a — 1 ) (j dala J : ^j]| iAjjljiiJt diljLujjjiill qa ^ aadui i aalj 

Simian virus ^-Jk-11 o^jj^ J SV 40 ^U^jyi o*JJ^ 
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(JjuJujjJ c-Lalxll (Jj^ J ~ Jj* ^SUail ^3 

- > 

5 # 2 ■ U Jj-lSk ^<j-3 ^-iLli ^ja ^illa}} IjA < — ijljJj . La 

Histones Call j 1 >a ^ (jS J L-all “ l) • (-j.tii 

-a £ £^a»j 420 (j-a el2dC. (jjSjJj — fj j J^J j&/v)<ali <JS2 jj 

* , 

Enhancer .V>.. 2 . la ^jIjoS SV 40 — II daVl A»a>.J ^aI ^j-uj — CjI . imnl jJI 

^jl Jx -i ^1 lAjjJu (Jjajj (jljlall ^3 A j’n-s ./'I jj Aj-IaS U^Lk 



t^J]) SjLj jftu >jj*a :8 - 6 f—J 

(j^i JlSaj j*j 5 * . I S jliil iic 

Italia ^a jail! 0 >*j^ 


o i__A ^j_2*jj — Aaii^—jjal^p 

J Aall A uul J-il 

(J ..AT. Ajjjiaj Ax^LIaIIj jjiJI 

A. — jAi a\\ (Jh&\ I j CjViL^-oaJI 

L-ll IxJil US — jjj’y IS 

3_. . V- jxill djlj (j» £ jaaS 

OUyij jlLSfl j JjaJ 


di. 


_Li. 


A_m^ wi\lj(*V\l £ j! all ^Jjli 


^ all ^ t a* *aa <^11 j^. 

ckj^I ^ 

• h(j.J _^ull qja j$J 3jlall 

I ^S ^l^jill AajLajaaJI laUiJl 

.(8 - j ^j) :J^I ^ j^y 


Baculovirus ^jjaijlj^Ull j* aJSUII CjUjjaill ^Ull (3-^1 j 

.l.^j. J II (j « JaSUaj JX& £ jlj* «^-afcjj Cal j*aaJ i v .iu.<nj j 

a\l /'■»*<.>' i j e 3 j.i I j U j — (JS^all ^ jxAiC- t— {Jil^ 

_^_a jx — iVl I j — * j ^Interferon a gene a C#y 
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^ jl 5 j \ 3 LcaaS idjl— uijjjill AsJj 4jL-a-a]l U>LiJI A- >Hi jl (jjAjfc 

^jjjiL_J oJj jaJI oAzJ^S t^JLaJl aAA (^3j — OLajjiill 

.(^1 1/1000.000 - JJ^O 1) <J 50 <> j&i J>^!l 

Bovine papil = BPV tfj S-J) <j - I V - 5 j^lj 

^ aJI Ale 4ulal % j 1 \i .4 j ^aII tloma virus 

^jie Aa.1 JOJ (/‘uaJ (JvLk (j-a Ujl^lijJalj 


(." jl n JaJI (Jail 4lAjy La* jjl^lall ^3 SAjAc. (JlLi 

1 "CjIj jjaJP Jlijj 



lx>UJl r^iijVf L£UJi 
.5 — q — jj£j ^ yVl 

(_5 le (Jj — — S-aJj 

a!ac.( — j ^L-J _jVl ^ j_^J| 

jia (Jl -l , i ..I i 

- l_iiUll Xenopus AiUa.ll 

(Jj ■ £j — LaJI a A ^ ^ij 

S!^ ^ UalJ ^AaJl :9 - o j-Ull <LalS31 i^jS/l 4Uiall 

UJ pAa. >SVb Xenopus _ 0( g\ ^11 s ^ 

'U-saj^jU ^ jlaJl ***aJ ^ j*Sl / 

^—a (J^-aajj 1,2 

W*j- ^UuaiV) ij* (Prophase jlijjJI) J jVl <k.jAll 

^ ^ — a J^ M (jSlAii ^joiail ^3 S j£^a!Lall o)_jlil ^jU (AIIaI 

•(9 O f^j) <J£^l ^ J$JaJ US - (_S 


y— a mRNA <*!.<> J J JL-iJ p 

Mj — ^ SfUll aa^J iMicroinjection ^j^^-all qS^JU 

•W*j Aljjiailj sljlli LjJ.a J JU.a] U£ - ^L?.j 
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RNA 4 — lXA\ a— jjj cA — Cy° ^ * djilt si jj j 

- ^ ^ 60,000 H ^ ‘jd^l j-dl ij&i ^Polymerases 

.(J^jJt .l.(j. a— ]l ^LuUji ^jic. Ajjjjil clil, 2 C-LuUj 
jA j ‘acetylcholine ^j^ldLsVl Ojjjjj - * j-a <JjV — 

^ jjJaxil t Aj jI!ua*jj) jtjli LoL^aC-Vl ° -W^j 

.Torpedo marmorata bl j-Ajjjj i>bll j ^1 jll i*L^ 
<.) jad :AalLdl o^fcu Uiflj IS jll 

0 

ji L tj^j — jj <Jdb Jajia-a]) j c-iSjaII mRNA j» Ijjll ^ js>aII 

. ^jjTnl 11 ji Saikljll AjiiJi Al^j-a ^3 — A^aia Axa^lA 
lVi j t'ejp =u-a 1)" L_pLiJ) ^ a tjLuiLa Ujll ^jjii la^Aj 

‘ ** 'j jjliI - J jljuiAA £j«d\j .j^aill c-^j ^ ulAjXoli 

( J 5«V. ^ CoJiC-ijil L_Jjbdll (j-C JJjSli dUiA (J jj V J — J-dH (jit- CjIIitJI 

.Aja-Vl jt bvtdJi ji w-ill 1-iA (jlaj-ij (jla* 

j - ^ :(Ui^ 3 j W A jlj^Ail 1 CjUj^jII j AjaVIj (jijjJl ^bVu^l 
A___ajLdl AjjA^JI Cjtr.aill A_ul£Loj Aj^LujVI cjUj^LowJI 

tdLdl ^ J J) l$iAc.J fu W^bjj Ajj^aJl ^-Vlj 

. Ia^ojj lAjjId CjI jLx-uji-o 

•*>— j4 A^-lLj ClAjJaJjJ AjIjjII j| ^ ^ A~J IjiA ^-3j 

^\ 5 La£ — ^ jl (ojlail 2'lHj'y tiilij tAjJx. CA jIj l»V^. j La jii.J j 

obt j j JJ (Jiii ^ j-cuj ^ tCiUbJjlii £ua£u 

1 jjl ^^Ic- . dll CiUfti ‘Tj :» ^iTi"wT 0 1 iaixj c ti r w tAj-al^ 

|9 j Aaliw ^SO ^ ja=k ^ ^1 ‘.A*jjyi jt Vjob^bli Ai=k^>4 ^ - Ai^.Vl gj 

— I 1 ^ ijj V 4 dll jlxj WIA dlUl ^ 
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1 — a^A ( j>j tjj cJj ~ 4 -^^ <olj dj'wcj 

<— iti A — 12J \ j^ii (jisJl V tliUjjj 4 jjj £]| eJA ( Jasj 

.^tai tW ^ V ) *%ioo " srn ^" 


^ .... 1 na . (_ 3 ^ t-i < iliLiijj^l A t^AaLall CjLiJaj ^ jJ ) ( 3 ^ 1 -^ fl I jt 

4 JjjiJi (> ‘u^JI (j-o Ajii, (j£ J JbO 6JJA ^ij — 4 >k ) ) 



.^-ujjaili till ! ( j-o < La^u c£jaj 

,^-i J Sjjj dooJ u o' V) 

O — 4 ^-H J — A 4 4 — . iu -^ JI ( jljl . eU ^lujl 
^ jI jj aJ ^ (j j^dl 
A_jj4iVi J AjjIjJI S) jj]|) r rjaht l 

J*-*l JjV 0^ J <> ‘Pronucleus 



U ? — ^ j ) 4 (^ 43 ^ 

.(10 ~ 

slj — ill <jj£ij (jJjljjJl jl^-L-aji ^juj 

£jj — j ‘ A A Jn-nH (2n) Ajjlill 

* 

^— — - i = k jaM Xi i-.-vVt 

ji (morula Vjjj J) cs^jVl 

<— jl— — ^5 Ij tjijjj l j-ailt (j/> (VjluLyL^ 

1981 lW jj uj j J j =*■) <— iIjUj uwj 

.(gordon & Ruddle 


■* 

51 jiS llifl oiA :10 - CJ 

^4 1 1 \ ^ LXftl 4 jl 5 A « m 3 L 1 ll 
* ^ ^ • 


LJ— * %30 40 Ajjijll a JA (jc- ^cjuj j 
L 5 J tj^ll <^11 


U^Udl jjc «liill laA Jl£ul IXa *(Lacy & Al. a jjjUaj 
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— a ‘uJ j— : ^ i ft - M J&y 4 Germ-line 

t(JLi2kSfl _^c- 4 4 j'n> aII 


(3f^ r^Ucbu jVi CjLujjjjill jj& L&lxil ^ cilnaJi JlAjJ 

(^ ~ AjC-L^j jiyi A^-taLkjj — CjLjjjaill tlia-lll 

L_j^ll ^>—4 j' -"kTuH^ yi J^)J 3j^)jJI bail ^La^jV 4_auJal j 4aii lilllA j — 

fSUall ClUjjjS/lj 

b-lll (j a $.1x1 j AauiJ (ji Jaa^Lail j .AjL^laII bvlaJJ 


jjl Vj L * JQ ^ A JJ — i c 4-KViil a^A (jl £_aj . Aiixx A Ua‘) ^jc, 

.Jjjjji— all CjIxjIjjI AjLuuIIj .1x1 J £*Ia ja .lie. j_)JI lil3i {jU-aa31 

a >aJjVI 4 Ajji-uiall jl a^_£Xxll t^jLkjj^jillj Ajx^M AjL-aJ 

.AjIix-a Obi j-ix ^jjSj ^M_>j 4 Ajx jj^Jl 


^ — a 4 A . Jbj j xjjj (j\ j] iAJ n - hu j Alajlall ejlA ^Ji 4 jL-aJxVb j 

* (jp&j 4 <^jLuj £ja A bjfi AC._^a2k^a ^^ic. q^ijju j iljllik Aix_^a 

5 4AiJ^)ia]l alb ^)LiJxa <j-o <jl djt^L*jjuL4 dlLoi >Lx^)l JJ (JaxTi 

‘uJj— ^ J^— ^ ^ CjlliaJi £j^j 4AJJ&J- jp 4a^la. U> jjfrk 

, j \ . >i*\ \ Ia j^j iAju^ill tlAnxll Aj^jSj^jJI CjI*j\juJI jjiixJ (Jc-Uijj 

ES ^ j'm> U^-i. (Jtxj] 4 A ju-v a] 1 (jl jiill (J (JjjlaM l>°J 

^ Uj JlijJ jl Transfection Aijjkll eiA Embryo-derived stem) 

v a (^-li>ll 4-o5lL ^ Marquers AjU^Ij jill cAASi^ ips. 

.Ajn-^x AjcL^jjI CAjjijj^ aJLiuiI jj IgJljj a jlai! Aj^l 

< . * I 

4Transduction ^ jia V ~ 'j^'j 

E> - i’u tilij j>-uj — A-Lwl jj oLb^ jij*-* 

1 la 4^1 il\ Ajawl Jl ^JJdllll pUjll ^ -iaJ j i*U* J 

•(* (j- 4 V yl^-a ^ i ^U>J 
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^LuiUujVI J 


Cell, Cellule :<uJb«JI - | 


i j-ic £jLjJI (jjall (jA ^IjII c_L-aill Jj A^J£J| ^ J* JAjiLijlj a 
C^J 1 1635 Aiy. Robert Hooke «4>* Cj jjjj ^ -^V Uaic. 

i fl< j l j ) Ajdaill aAA t 4 t <-v\ 9 1 pliJj x> 

LpLi. jl L^LLj UUii <Cjla b^ju^a 

Malpighi ^ajJI — « ^ ^7 1 j^-^1 £^>j - 0=^1 

elj JaC-i UJj^A — Cjl _^1 cj SjlC 2 xj — (J^uujl 1 4j\-v \l ^ a n 

its a a tt m s j j ,. ' . il l (j»l_jsVi J •*— jW ’■ *' i'j > *' .<•> - ciUm 


l« 

O 

m 



Ml 


i 


.*1 — o* (** j 4_kjl — jj <ujLuJI eLja&Vl (jA LojuJ (J£-Juj ^j]l Vesicules 

*(l “ O 4 ^ j) (j a uivlx. 


Dutrochet <j — v uujill CjLuJ! ^Hc. ^>,hj & 1 824 ^UJI ^ij 

J— LfiAic. tiilij — jl SUaJl ^AxJ ^ j7l 

& A {jj" I^Ula (Jl^juiVl 4 qV*A^ ji A 9 „ ^-i^i * a ^i^allc. 

CA £& IKa j - n <jjUJ 1 VuuVl ^ lUI 

.(JjujLuII pLdLJ) aj 4j]-v l l 

Cjl_jl <G — J Jj J ,1840 41* Jl ja.j 

(Jl—c J ,(2 (jj (^j) 1 t<;jjlAill a^ail 

j^VI :2 — o- f*-j ij» — L-aj C5 — 1c. Dujardin <u_nla3i 

C*1 ft r -xu.> 4 La ejfcj ^1 <j^a]l 4illill SjAUl 
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J\ A— (jj-lc. iiiAillj jlj^u ^2ll lTLAM j 

. 0 

f Ji — ^ J ^ <— ‘W -^j - 1 j^l j - Pseudopodes J?.jl 

q a o _ )\x > o <li£ (j-« (jj£lu ^ull A^pJI ojLdl a,ia*j t“^w 3 i* h\ i ‘4jlckJI 

(jj — *> V j - Protoplasme Iajo^Lijj jjJI 

1-^i jl^al 

v-flll -*ij ’f — :<uiSJ\ j-uaHt ^ 
jxoljj cIsljLuil fj. c. (jia * j cJujhty Myxomycetes CjL^jjuiludl ^ jl^JI 
a — jj! 3 jit ijaj pLd! (j a ^ jlc. Plasmode IjajJX* ji Lx ^y.i 

cjl 1 *j^j) ^ ^ if— 9 - gr— A 

(jjL-jjjjjJl gpa jus d jxl\ lli — tlLjAail jl < (Nucleoproteines 

1) V ^^LaVl (j-a Allis Aiuij ^Jj L-JbJal — Clllj j 

^ j j.1 j^aJI j ^ j-ud^ll 1 ** l\ 1 i u^j j d » L-dl ^tLa Ljiaj %7 

.(Udj-aii (jLuuyi flSjl L_jU£ 

: cuJI 3 jLsJI cuJbJI (I 

j j— Aj :(3 - (j« ^ — uij) .‘Cytoplasme cSjiidt - 1 

y&J igyuLxLa Colloidal j>UaJ (j* (jjSjJj .AjLxSI ^ C[? -uiLuj^1 

tA__iaJl A— d^Jl ^ 3j fcpl— ail (j-aU-alaV Aljli A^_}i o Jjiix 

A i-d *i\ l t^yn — jf^j — A_ilxl.lll CjLxnaJl ^pj Au-oLx dAS^pXJ ^j^^jpudl 

* jjj_ jS) CjI a\ 'Jy y^A jAj :Chondriome (l 

^ j j£ Jip) Cal lua. JIS— — j (Chondriosomes 

O j j£ j^) daj oikj ^ 53ao J t(Mitochondries 

— A ^~^J A jlaJl _j— — ojJ Uij JSjuSI - (Chondriocontes 
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AjA < a^jV > ^ Llil-mik iAjUill AalaJl — j»jJjAjj5Lili 

(290,O00X) (lO‘ 6 m) jUjj%aI1 

£jUol AjUA jjJc t^lzJAll L_£}lxll AA-oJJ l.AltU diU^X. CjIa 

bL .Aij — ^cJlSjaU (jLuu'yi j»lsj • j) aJ^Ijoa "L-iS" 

^_2 Aj^)j y* CAjjfi Ig-IaJA tS^jl.ru 4i.jj£ SaU ^^jj^Aj j^SLil 

^ — a i(l0 -9 m = nanometre JU j&> l) .^*0 50 — II aja^ 

c^— -^- u.*^aII J~>.. u>i; Aa^lc- ^ylc- l^ji aSjxjj — .p.(j 12 AjAis. 

l.^j.j -— il {jiaujla. ^jJjAjjSUI j£ll j^lklAil 

• I • (_j« A »...JI 



membrane cytoplasmique 


Ly soso me 


Corps de Golgi 

Mitochondries 

centrosome 

Membrane 

nucISsire 

Chromatins 

R&ticulum 

ertdoplasmique 

Nuclfioles 

Ribosomes 

Vacuole 


J^U ^ JJ US :3> - QM ^ujj 
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'pjl jS JLaLij jdllJj t It l A. Ij i" \ \ aImia 1 1 AAc. tdli^Jj 

tlDlc-liill if* Catalyseur jaUJI jjA - - L_i*_fcj ^aJ > £* 

^ Uiu jj J_db Jlj — iyi J jjafiBj Adhll£ 4jjkJI AjjUu^II 

^ a .dL)lc.l fil l eA$J *daUJI CjUujj^l (j-a Jjjlll (dl jC.^ 1 ) dlddll 

* 

• A jmUj ^H A^llall idl.il ja — 

^jAxol jdl— 3 . ■ . L ~fl .fill AaJ^juJ d j\ I^- 11 a A& t- j\ julJ^l A3 j 

l * ‘ aaaJj (ji 1 >a£ Oil I I 1 *l£L L-HjoGj ^j-dll dll.1j.Laj (Jjadll j 

d 3jl ( d— AJ — (jJAA^byjl! 4 -s.ja.^11 j ASU^l qu — 4_L» jijda 
^ ^ >11 Jsa — ijJall ^ — 3 AJ.V >*11 (jua Sullj tAdiaJ! dLadallj i(Jjjla 

d , d"n <J d — it V d£l — Jj Jjadl l$U>j ...Hypotonie 

0 

.(4 “ (jj ^ aj ) .ys 


cr$1# 



membrane 
ext erne 


Lm mitochondries Son! 
les 'cenlrales inergehoues' 
be la cellule. 


^ ;4 - <j* 


tal J — ill t> ^ -Golgi jLfa (2 

4_dj3jj I £UJI d!)l:j A*J - dd - 

# 

L iili **ij j 1 4 j-v 11 AulaJI ^3 AAld b iljjb i jA j .4-iucald uliiSji 

tAjj^-a (j-jldl ‘Dictyosomes fjj j /^1 1 dla^j <> j 4 -=bl 
1 J 0 , 5 p ( j }? lA^aS £- jljpJ iA_uiA^aj tpLiiLa (AtKj.a* tAdl jIa * J 


144 



vesicules servant 
au transport des 
substances_synthetisees 

O 



empilement 
de sacs aplatis 
(saccules) 


j h* :5 - O' 


aj A jj — — 3j .JJ, 

.»* ^ _ le. 

hi 


if— 3 4 4 — 

300-500 A°^jJ * 

A°( uiijS/l) 


« ^10"1° = Angstrom 
(plO" 4 - .^u 1/10 

Sj c. i.i_ lol ^ I& 

oi_A 

t ml jfyl <— iljj AJlaJI 

(__uS U__ll 6 A-_£*A A£jju) 
• •> — / ♦ 

.(5 - u- f^j) 



f*-* Ifci J$£j 


g; — * ^aU.j ^ Jjj jl^JI 

iCjLaJ^jVl Ajl L y* AAiJI h^Li. 

t$ aaju Jijj ^ ^aLoij j$i 

*11 (Julik. (jAj t CjUjjjJjjII 

.(6 — u 4 

%60 CjUujjilt aj^US (j-a j 

. jlg-aJl %40 clihiA-ill j 

iCcntrosome 4 jjS >^1 (3 


A — JLU^. t^LaxjjjJ J L.„»l > ) 4<iu£ o 4 jjj£ 

J K > ti l CjV jjj^j — uil\ iiwljj — Centriole JjjjliuJI ^ 

0 

(f lLa 150j j) JJ, 400“ 300 JjAi. ^5 tCjhl ^lajuJ 

A j!>Ij 1$oa (_ fj 2 *-} t d-lt JL2k. j 9 (JA (JjJjjljjjJI c fltl’ijj — l^iaS JJ, 
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t J 3 j t Vj| j k J L_ljl J^£ 1-Lll.l^.jll ft^A ^xljjjjj — ^JJfl 7- A L-JJjljl 

, AJlI 3J (_iLlll 1 *' * . V t “ > 1 ^ i l .' ■%. jjj^jiiuil t- < it •v \ 

' 0 

dll (JliiaS jlg^J \ j&jA ^jjjjlLxil Qjfci - 3 j 

. jS j*ll 13 a Jja. t^jjl jla jjIjJ Dictyosomes 

j j 3 — 5 — jliJl 3 tAS^pJl j» jjjj.Vu.uPi jll i. j* j 

Ji 

tAjj^ *^j^ tLua. Flagelles dLjajjjJl La£ — 4_L2LjliJl dl jj.xuill dl^po 

dlj - - <lu J t(Jjj jin u 11 £jjjj 4(_$jliJ! ^LxljiVl C^j ^ji J — OJJXii (J£ diai 
£jjjj j-a jj Lallaj JS ^ j La£ t^jlVJl ^.ika j-a Uka (Jx^ll Vj j£ (J£ 

* llitaj jjuajjsll 


jac.j tVili-c 4 Ajj^- 4 C^L-ajja* :Vacuolcs CjIjaISIj (JijjIajII (4 
x. xoajI jl i jIjaII (jjjivl ^,. v .%iiVij .^-Jl j (JSjiil Sj.i^>o 

j _ s jVV l jl j aJ A-_iic Sjl— .- .xxxC j j^vj ^Aj — Ajjliil dULiill 

Ja ui jl) j 3jJ_ikVt ftj & (j --J.)J tljjliJl jyj idV -ilxill 3xjjjjJall 




; 7 - O" 
<UHl.ill A£ uullj 


a ^Vvl.^1 A<\ ix,1\ ^5 

:RcticuIum cndoplasmique 

40I J jl! j cJjjl *J! j -U JlUqJ 

JJ$^i l>> ^IjJj 

4__fiJ3J C_Uj 1 jlj Cj! ji3 j-aj 

J Ijjj .CjISjjj clijlj I gJikj j 

1 4 jlIA. II ^ jld j-a dUjLxuSl! 

jig =u ft JJ*-=» CT^* 

( xuajjj — gjj-a-ll! jl JJ-lll 
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Ifl jU jj - j JjUj.ll Silju>s dUjjjL Ajlk jUJl djl&Ul! 

« _ f 
Ijjj cj Ribosomes ^ 3 ^ dbjS 

0 

• (7 ~ CH j) * t — Sr lft jA 

f \ A J la] ^ tpLJJ A^l ^ tli ASfill j^J U liAj 

ttljl— ijjjjJ jlj9] J L-ajjUull ji (jjbSfyl ^j5j 4(_£j=J Aj^b .CjIauxII 

•AjUJI jlA 


— 1 bi£ * 4 jU lMl a£o 2JI bbb Aix-ajlu dil ;. j j ^ :dL»jjjJjj31 ^6 

t-jjl—L ^ya l$_i* J5i i_ilhjj ...200A° Ia jUa ^.Ljj 

1 — i jll — ** (> jA?j^ L$^J V 1 ^' L-kxda ^oo. 

L-iblL dLjjjJJjll J^-aLUj - (< — flSjl . j) 
jj j 11 < Polysomes dlaj jJjiI! JLiJ j ajJ^I aj^_>^ 

tdjl iuj^JI £rl jjj 3 4 llal d j jj&Vl L^UJl jl Jack^bj 

.dUjjjjjjlb 


0 — c J — ‘A — Sj 3 j d£l — :Lysosomes diL_ 4 jjjjjUI (7 

tdJ — ^.Ij A flj jj j* <— S^U-J iabkJj ^_aJ jC- jl^-> y-9 ( ^ jj j/ 1 ^ ° 1' 

— 11 1$ L^kJj Aj£ja 11 dbj>Jl dmijj AjualaJ! diboj JpS/l jj£* 

. JLwjjulVl A- l^ -kH (jj^jikl 

•C Sj — UJl ^ 1 — uixll 4 ( x>Ja^Jl dUu^jji diLajjjjjlll Jjxj jl J/iV-kjj 

A — 3j • Lx^UJI < — itj ^ylj cS^jj dlLajjjjjlll J^^Lsbl (jV 4 AjUll ^Lja^jl ^laaJ 

<0 

J — 1 — Ua — Aj UH J U u ^}Aj j Tua II (jl 

J^ard t 4_u4ill cA jjilll \ jj^ djUu,4>li ji JjjcVI (jlc. 
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ej b : Membrane cellulaire (Cytoplasmique) <s jlSJl ufcUJl - 2 

y\° 4 _ M^ll J A^l_jll I^jSUja >■»"*' V t Aj^ja AibLii <iila 4_iLaJl 


— 4 A . .- SI (jjSjj ^ >, a 'v l l ^jaAj\ £ja t—illjlij ’ 

(j a (^_jiSJl ( — A^Ull (j^jSAjj , I g lnj-i a j A^iaJ! jjaj (_b-alill w\l (Jjajj 

q nttilj Qij tPhospholipides 4_>jji*jj_jill diUiAall t> o&A* 

.(^131 — nbj Davson & Danielli 1937) djb^jjJI jjiaJaila 

^ 1_&U31 AjaSjJj (JJiij ^yAj — <— £U13 AjjSj^ll oU jj Sdj 

uu j$i iAuiSil Aodlb jjjaII ^ia _>*$ jjJ - m. vacuolaire 

0 

1 ' A * j lAjlaJI djl^UJ Ixjj a3I £Oajj 4 djb jUjSII (J^aJU jjjai 

- <jo> ^lijl *j) ***l?j\ 1 000 1 0000 AaAjjaII Aajj^SII a-ajILJI du3j 

, 4 j i oij, v^_j ^jajj ^t_i3jjAi] ju^y\ 


— 0 


- jjSj 4L_i3Ui! 4<JSd31 c/jj£ tNoyau ol^Hl - 3 
0 * * 

^bUu j c fl^l all i^jaaU. dDUj UaU*A tAjlaJl iajjjj 

0 - 

i*\ 4(_£ j^ill (JjUill jl Ajj^jill 6 jUtaxil jA 4(^jlidl jxutaJl (jA liJ^J A*!! 


4 _ j j ^ ill dil Cy* (JjUiII uj^j “ Nucleole Aiiajill sl_jill 

j a tl AjjJu u-ifci gjll (Chromatine (j^UjjSJlS) Nucleoproteines 

c/jj — j j qjjjjj O^UjjSll) djUjjjjJlj c5jji2l ^^saLJ 

11 j Vert-de-methyle IIS a — jjlill db jLdb ja^j Nucleohistones 

.(1^3uua3 dulS ha tjAj Hematoxyline 


I S. - t\ ja=J 1 ^ali dibjS J dUjjSllS (5 jill <ai^ U^Udl o^j 

■ SUU^^ll A jU^n.11 dsUlVlj 2 j£ 11 ^ US tol^j (>a jjS] C/J^? 

4 ^ 1 £ '\ * t ' tS jpij 4 ^JA (—illdj <— fi^Uli ^1) 

1U b i k >i \ (jl djbjUAil jjSxJ ^Uia A 1U i) j t A. jmC -1 
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ft 1 SlgJA Si jll JJ C jllaA JJ^A tXUJI 

• ^AaA^I-JI CJ^Jill AUuiJlj (_] l -n. ! l 

jj— ill JluJl lU-U £a1j (jlini^ ji S^l j Aina i<LaJi]| al J1 

Jj Sijj tejjjiUI Jc. lAilaJl SiLall jUic.1 Ajuju CjUjjj^jJI 

Sjjju-all ol Jll o ift ^ji i£&VI J^- l!- 4 ^} i- 4 * 4 «I*(J* O — ^ O* JilJi ^ Jrl l 

•lJJ' lk^I^'j J ^ftL^j 

^sjuiiHj (JjaJj J DNA l.(j.J— JI jl l£j_}JI JaAtaJI 

lk^L-^JI t>— A — jjJ. t>® L^jjill o ^l^H j JJjj .RNA \.q. j J| 

0 ^ ^ J J .AjJall aJiclallj Ribose J 1 t^L^JI JuJIj t^jJJill 

op — uluJIj tAdenine <j— p\&\ :^' — Js £ — jJ Sj^Vl <jjj ^1 

- Uracile Jj — ^1 jjJ I J Thymine ^Guanine jail Jl I j Cystine 

LS — » — C£j— l^“ll j»l— uiAiVI X- a*J — (J j— W*) jll iJjIaj^JII Vj«JI (jjSuj 
t>a AjjIjjII O) JjaIIj (j-ajU-aaJI aJSIj (t^jlnaJI Ja^i ( lIjIa j jj^ j J 

. J^-aUJI J jua IaS 4 Jia. JJ 

(8 - \j*j jxjjjj'j i cuiLuJI P^Jbcll - || 

^ 5 — 1] :Plastes Ciu^LJI (l :<£ Jill - 1 

CjI — iliill p~SXijL gjj — aj jjajJll ujjLa. 

|»L— TLi-Vlj (Jl^ A I J. -«■»• t A_iLi 3 _j^ji£3l 

S joa^i aift Lii J - C^Ui J aJ^JI ^ J Jyij 

cIjUjjU^ JJ-J J jAj J jjJI J 

* 

aj. J (JAj LaS — CiuDLJI Jjuj — ^lu^al j| Aajlic. 

A^Vi:8-o-r-j U Aakll jjJ Jc - (^| ^ t Jufc Jb < 
awi (jaju ^j-- 1 ; xc - ' 

(JI Aj — J il 4 JJ <c ^ a - J JA i>a AjII ^llau 
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^a!j — ^uuoJl <J^la l jLu lU$\ 4j*juj!j ojjJLwa 

^1_11 cl — *iill 0 — liij- tjj! V :Leucoplastes Ci^L^SjlSl (t) 

^US(9 — (j-i .l^lkl ^ {jiiaiij 

j^al — ic. ^ — Aj — Amyloplastes aS/U ^aum lilj (josaj 

"v # 

ja__ 2 )JI (jJ j -1 AjjjuUj AoliJl ^Sjpa i jaUtiaII AjjILq 4 

(j— * 4 jjjJa-U CA JOia> Cj^LnaJl (jlaxJ (Jaou tA UV>\1 oIa Jjjuj (p J^Jl) 

u ^ — 3j .{josi^liil ^ jl Jtajmjll t i^Ajj j (JjUajj aaj — cUiul! 

. cljuiill \ 4jaLa j^Jiaj (J ijl Jalail CiulAAI alsa iuJVl-^Jl 







Ajjj jia.) cluj^Ufl :9 — <ja jwj j 



ch '~ u * :10 - o* f—*j 

tliL^k Lflibj tlu-^Lijjj-S :3 iuu^oljjj^lS 

njjjjjlSJI CiU^i :4 iflAiil 

»*!.iii t^LijjjnS : 6 *1 j Mt jl fl :5 

^jjjjjIS 4 jjL 6 c (pUiu 


<—L 


(lj) 


- O * 1 — j) :Chloroplastes 

4j J I jl 4j_J jfl LjLcJjuL^ ( 1 0 

A il£ ^ — a jJJj — cl 

<flj >»^11 4 nl 1*1 ' 11 cLwaC-S/1 

(j^lc-jS/l — £ CjUiaj— *-aJl ,^J 

J*j lijj ...Euglene 

a i jl ^ ic. lIi i-o^UjjjlSil 

(jail ‘ajjLi 

tlaowu jaSVl aA ((J^jjj^) 
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_u£j j*J ^.1 jj txanthophylle jjUoj J j* 


JJ 

J A_JfjU jj 1 1 JjSj jjk US .Carotene jJjjUll ja jSjj V 

.^jaj jSjUJI £4^4 UJ ^ Substrat 1 JlujJ JJUI 

j— * 1 .Vj Cj— kiivLj jSjlll 1 -ftS 4 $. Lullll &-U C_lMl>ljJJjiSJI 

{ J JLLajl l AjIaC. CjLioi^ljjJjlSlI ^aUuj .A ttU A -Ilk j AJUluU (_C J AjjSjfn^ 

^il__jj ^Ull lIjUj ja. (ja l^Uajj A_j j > >i» I I Ljl jUjSJI 0jjj ^^AjSj jjlSJl 

• Cjji 1 jSSI .ij k .Sji 

Chromoplastes £» u^Lj^jjSl) 

(J' S M il iata ( 1 1 — (_H ^ j) : (jjJ * 

^ - -tl t ** jj *> > <J ^ <UajS_L4 (ja 4 A A UV' ^ JJC 

aj__xlA tA__jdU jl 4 A.w.-‘n»-A 4 A JjjLc AJ j lk’ 1 ^ 

Cj kiU^JjAJ jSJl jjtuj . . . A_jj > >>j j t_-lj|jaJ| 

jj_Sj ji^Vl JJ jJI :aJUI 

^0-4^ :11 -u- r-J 0 %_L (jj l)j A^m , J 

t ' * * J ^ 

j a| — =k jdl jAa. jM jjujjlSJIj Jjj^i 

Alj — Ldj i_Lma. — jjbj 4 j j jiSJI ^ t^UiS 

(jL_jjSJ!i a — sLiyu jis ji juM\j j^.% juaij JaJj i - 

JS — J u — !c (jJJJ — i-Vl (j ji .l i .il l Ajj j ■> /il l Cli lS iri j dll aiA ^iucajj . jA^Vl 

. jjlilo jji jSk!u AajHa Jji j!uljll Q 4 iIjIjjL 

A — J ^ (_£.l__ll A uiij <JLiaj]| 4 Aj^Ij3! c- 1 y^-S j\ a U j^J^j 

j t^.1 j » ^-L=k — <— ijj*-« jA US — jl iSjjalill US < JJjjjiSJl 

. 0 jjSaJI ^'U-^aVl (jo JS jal jj i—Luia. f.1 j^"v UajjJu Jjaju 

.Uxil CjIjLuII ■ia.ljli V (2 
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.tliLull a SIa ^ il^>A jj^i ^a :<_ajjLajJi (3 

:( <i ^^j5*«M) ^^bll ufcUii (4 
Pecto- — j&Jl (j-a g-Klft L_£lij 

.5 jjLuII UiH Jib cellulose 

^ UJ^J (12 - (j- j) 

j. -a — 1 jUJl Cjtjbill jjc> — bj l jjilui l 
(‘j^- ■juJ jiJl ^ !__*£ jjLIUl 

CjI jjbi]l A — L^as j — o (Gossypium 

.Malvacees 


aK_ 


j e_i 


il ail 


-JaAJ jjhlLuJI 


# 4alill alij v*_j L5 j^ t Alaijgj Uaii7>.^ ^ijJj 

jj & L£Li Ob tMyxomycetes clibLill ^^ruj 

t • * 

— j a \a~\a Spores *■*» (j! V] » if j jbllm S^jJ« 

,<jfcUd 


xS$L*}\ jj\£jJ\ -II 


IjL-jiajl jAj :scissiparite jUiaSu^I (l jjt£Ul - I 

1 — Si \W frl-.i-k.Sflj bji&Jl (jJJ 

t3 jj _ WiaII CiL-jUjll JL-£ij 
.LpbJl CjljljjflJlj 



© 


0 


Auli jUxuul 113 — (j* ^-ui j 

>LV a iiua 

* W#* 


C (jj ujj^ J^oill (j-aiijj 

(_^jli]l jUajiiVl (13 — 

jj _ Wij tA aI^jaII *“ J^.1 j-« 
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f t la ujjII ^ J=*U. UJ% 4A? ‘B AjUJI l^ja 

A. jiIaJI ^>a> ^ ^iL-caal qhjUII j£ JAJJ iC <1^ j^llj 

Y Vi 

5 jjU.1 jj! — S3 4 — jj :Bourgeonnement, gemmiparite ^c. jill (2 

iProtozoaires 1 ^UJl 

/^"\ 0 0 (®) (®) ol — - jl3i!l ^ 

V-/ C _) V ) (® )( ® ) (14 - a- <~j) : iWj- 


AjILI pi'julU :14 - <j* ^uij A ^ ujjII 

t l i — j a. t cs — IjVl 

c> (C) >a1i J tluL V <(B) 4aLL!l CJ JLc. jj J JLijj 

— Jj£j <ji a*Jj - t^D) 1 *$ *1 U pLic jj iftja^Vi o!a 

^ J (j- (E) 5 — illj A jli £J*-aJj 4 Ji^aVl aA^1\ jjc 

.UjjAj 

l . il l. T’k Ja jl j iFlagelles CiLla^d! £c, a&Ljjj :Sporulation ^jjaall (3 

( ° y -> — * J-a ^ ^ l&ilc jj£j t A 3jIaJ 

& b C J 1 — £UJ! dub V J - B, C 

^ 15 “ lh jvwij *2 — kic-Vl £ — uij J — *j 4 j kiojjj jj^kju 

<-A*k i 4 Spores £1 j—jVl 4 *>U ]1 

^ ^ .h*> 15. jl^c JS - jjkz 

• (15 ~ <_>* 






Oi^* H5 “ cH 
ualaJal 
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j j - - ^ a U AiLjaytj :4-uLil\ plua&Vlj jjt£Ill (4 

:<m pLboVlj J.I&J) 

a — 1 J — cLj 4(j^ajVt ^ ic. ‘jjjall (!) 

i < ^ jj]l J J — A.LA£ Cjljjj ^1 Jxj Lai^ (J j-vTi 

^ a J ~ AJxiajfyl £- ja=Jl (j>i ~ ...<— liuaUJI J 

, AjJLi oJjJLi. Cjliii 


♦ «• 


ia — iL j <jjj gi Drosera I J jjjall J jJ la] *‘<jl JJ^I (<-h) 

4 luul l j JUJI liliiSj . A j*_nh) cAlfiJxd* (■'* jIj/i ^ylc. g£jal 

.Ujjc,j jll-oll 3jj J! 

^ 1& JaAjy>u -^r] (^) 

^jj £j a5j — i3A\3^ ^4 lH 11 - Ailiijj — SjLjAak tllljjj j-ajul jVl 

# 

_)iui LS La^'tJjlaJl j^lc- 

Dahlia a — J lall jj l — > ‘^a^ Cj^Li j*l j J (a) 

« <• 

J±vij LttC^JJ (J>a-kj LJ _1% 

^ Uaj.4 Bouturagc JL_ uilaiVI A — Sjjiaj CatiLiil (j* aja*JI jjISjj LaS 

<j-j j-*jj ‘Geranium ^ jjj! 

— A -ujLa> AjJajlc- __}jla* jmj iggajVl g-3 

Jjj 11 j A a_£U Aj — oullj A t V. _ l*i Ai jJall alii j 

.(18 - ijj ^UOl_j) . Lk Jh£-J ( t ! J 

^lull {^_p>l ^yj^» 

^ — a g^Jjjj - Marcottage aJ jjli Ajbjia ^ J 

A__L-a3 ^jja 4t_jl Jjll a^olaj 4^ j^)ill aaJ 
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J .>■>» j — — dij «1 *j — (jj£!n3 — £JhkJ| (jc. 

* *(16 ~ (>» jxui j) :(j£ol]l Lq£ 

j 4j — Greffage ^jxL’ilU CitjUill fji a*j jjI£jj — V — j 

^ s lIu-^ ^ jWLqII (3*^j £^>11 “*1 

a J)j a\ Iajjj£j (j A ciiljj (J*a ~wj JJt I o t3^ C ' ( 3^J I 

*(i7 — ^ (9-^» j) (3*^ ^ ^Aj *^j3 





(3**^W ^17 — o« 



Raeitu'v'advrnlit*. i 

:18 “ O - 

JLuuSVI 


4 — (j — ^ ■* — : ^Ui) fJxKill - 2 
(j — <a JJl._c. (J^Aj t jJSi j! I.I3J j ILi £• jlaLdl 
♦ 4 - 4 C.j±a]| (jjjxll jl £jjilt 

jL-^Vl J— Aj ^ ■ » fril l - 3 

cJ-arkj o (j-o <*JLa "^xlall" (jjSu ...Icjoii 

<0 

^5 — a tT cs^" (-5^ • 

^ M (_J- 4 xJjjjjj .l^ajxlaj AHiill S^Jjui 3 

• b^fi laJl ^jl “yJjfy 1 
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J — mu 43 ^ :Parthenogenese j\ - 5 

jSl ^ ^ A nUllI i <-\V\\ j ^ 3 tjjj— _£j] 4 al» ill t ibxJ AjJsluII 

# * 

jjl (j. ^«njj . Ujjj 1 nK — CjLuJuil l^c — AujljjchJl (JjL-ciillj j 

' . ' 

. \\* \>~n jl IjjujIj ( Jj« a"ii l IIa 

xjj dal^)— -k II 4-jual^j tlibjlia gjjfbll ^i3 

1 ^ 11 a j — bjlllj ^ILII i-i&L rnj ‘(jjibiij jj\l^ tljbjbal! 

^LbaS/l (J c} 0^9 C.u-ik u ill "L In II ^a jjl&II iiOb 

5jJ Jj 

^ i ^jjj o^Lp£> (JjLui^j {jjSill (jfi *\J 

4jcui 1 jlnM to^yb J^jll tCa ++ (jjjS 4 -u.Ik.aII Cabjoll 

tA. Butyrique .til — jjjjjJIj A.acetique L^bjUjil! iX 

, ujbbjll j tlsbijjall (ja j-u^ll 4-iuulb tilllj i(...lAjJC.j 

^ c-^j tlA— ul ^1 — all UJ^ J — ^ • Apogamie iWi — 6 

0 

TJ- -*'* ^ P u — 41 b_£lkjl t(2n) CA -. j« . n , nl l — £ Sporophyte 

.o^c. tjjlaj til 11 j t(n) dibiu^a]! Gametophyte 

tli\ Jill Jj =kj jl :Aposporie jliVI JijVil i j\ (. i ^iill S& - 7 

c- 1 OJ^J UJ J L^l 

^11 tliUill ^j-a U AjK ^ ji (Tetraspores ^bjll 

tt" A j^_UaH S — t_i]l xll ^ a — (. 1 — Hi nil J -iii ^aIuoJj 

.blxll tlibbii! j tLjjJlaJallj 

:(obl<^oJI juuc) jJI^jJI 3 ! lsu< j i* > I1 >jI£JI — Hi 

£.Vl) ^1 iAuutl^. Ipu. ^bj] Jok (jc- 
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QAM. 


ajjj — ^£2] I 4-ilAJ Li A-aIaJ I jl AjJaJ_jJI L-jl n-i^i ji ^uiii 


(J*J 


V'g- tajoiVl oAAj .AjjuiiaJI AAiJI ji c Uj aC V 1 (Ax^alat c-L-«aC.] liljj 

£C_jjj J 4 CjLAaJ^ill £CJUJ t^L-iaOXiJI Ia Qlp> J tdj l-lj.\M l 

(J jI ^juqj Ij cjL — ^jj oAA ^ij .4 jj£a 1I UjliJl j] l tU;l l 

V — *j ‘Zygote — ijjll J A^iU Aj^bjJl Ajc ^Slij (jj^l ^ J1 

cJ5 ^ ...< — 8 <— 4 <— 2 ^ J ilubV 

.(jjiaJl 


e- 




:ldj$Jsu 9 ^LwjuoMI - 1 

ill -i — *j iSpermatogenese ^auiaII jj-t aj (() 


C. germinates a — L jl=J! ^t. iwa j tbjlaJI jlit£j (jjjla (jc. t j£ill 
<U jjAj < jil£jj tSpermatogonies Ajikill j AjjIJI CjLiLilall 
— « Jjl — - 3 j^jtaa tAjjl Spermatocytes A^ikj LjU. Jl J_^nJ 

— 4 4 > i ll 14 t A jl-hll a A__A ,i j) — jluis Ajj^All AjIaJ I ~v l " k ^ \ . Qk 

Spermatide a — ilaill a *j1Lj JS tUjU. £jJ J] _ UaL^ui! 

^ g^aIs ^Ju^u3 4-aIaJ I i c — (n CjLli_u^a]| 4 jA^j3^ 

t> Spermatozoide aLI£ AiLj w.AJajJi A-^c. 1 Jji^lj a^IJI 

.(19 (-H f^j) •JA> u^j 

jl aJ — oitull a — jliJI ^ — *jSju :Oogenese <5 JuVl gjnuill jJaj (lj) 

4 — J^j.’ — k4 ^‘ i £ — Jjt — 1] 0 — >^J.i<d l (jp» (j£ J < A-Lil Aa]| Ajxjj^aJi 

a — jjlij a — jjjlj ^ — j tAalji Oocytes a^q=^ UjLi. ^,/j] ^ojj iOogonies 

^ ^ ’C^J^I JAiH JjLol A U uillj Cj3j AjU iAUAj — (2n) CjUi_L-^ill 

1— J^LaJI (iiij AjI jjj LaS — CjI^L-u ^juull A\e. t j^lll VaI i 

crl! (jl ^IjVl AjjA=lu 1I AulaJI Sl^jj (2 _u!j V j — CjI^aII LLjl^ic. 
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A- A — cs — ? ^ Sl^jj ^First polar body J I j AnLa 

- 3 — jjjIMI A — Jiil ^ — mlu <Cj — ajll - Second polar body AuIj 

0 

ootid A— JaJjJI Axilla Vx^S. (JfLi ^Jc- ^LjJajuj — ViiU^nul 

— qh ^ui j) .(n) CjU A p ja Ovum AJajjJI j c^>uVl ^Jla 

.(19 


SPERMATOGENESIS (cD 


OOGENESIS (?) 


Spermatocyte 


Spermatocyte 



Spermatids^ 


second 
polar body 


xygofe t2n); 
emb: 


embryonic development 
follows (by mitosist 


(jLuoll ^1) :<^uAa 11 :19 - a- ?+ j 

AjIaPj (O^ull ^J) 
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(20 - a* f-u) -Fertilization ji ujIwxxVI (£) 



He- uluHkVI j Aiiuil j 4 ju3jjj11 jjJH -20 — (j# j 
AHl jhii&l (JaJjISamVI dJjJ 


CM — j ^ ^UhIj ^jj <-jU^i.VI - 1 

* * 

(J Sk ^ a tndj ^ b iuta + LjAuta. Ujjj-a j£ 22) CjI j* ^ a ll 


XJ jll ji Ajli. AjJajllI ol_^j (JjS.Trt (^jLoijYI He- tr r 

/Pronoyau male 5 jjSHl Sljill aiLj ^j£a)1 ^jAaII Sl^j JSbiu ^UnVl 

. Pronoyau femelle AjjjuVI si jiil AiLi ^ jlbVl ^HlaII si jjj 

^ — 1] yjL^al ^Vl LxL ttlaVl^Jl ^ Lunll ujLuiV^I — 2 


A— jx.J — 3 — blHll qiWIII ^ya ^ jjja3 — aII L-l b^ai^ yi 

A .. fit a*lq r,n j 1 j]— a — (Jolaull S -w l j Aaliw — i* <1 1 Ml 

A — j 9 j^iaJ mi AoJajHl S jjJl ‘(jobJl £ jla t HomOZygOte tlljiujll 

* 

S jjUa A aU Jl <— ljl£ (JUk ^3j — (aLS . j) ^Ijji! (JhIa (j_jjU L-lui^ 4 Lib*. 

,Aj - kol-kj tejaxJl J S jjaII tilLal a^moUj iHeterozygote ilijijjll 
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Jyi U — - * Alleles c JjVl aJUJI 

^uaJI 4 n» . l l jl (>a jaI! j j tRecessif Alal^l! Aj^^^a!! &jja11 

SJtf *n uV - A__u^ J-M o±\j-^\ Ji 12 !*a i2LpU! 3ULJI ^ 111 - 

i.Vl (j- J>H ^ ojAaI! ^-Ic. jUu.,-< .Ia .1 <AjJUfla]l 

l ilnl ^ J jl — 6 ^)xk*yi AllaJI o^A 

.Jaj Lu3 iIjjjuu B. 

Therapie A m>l l 3 — ^JU>J! — x±j^A\ jlL] ^ i J^A?j 

- s->j 4 ^ jj^ J JJ V ^ ‘genique 
(ESC Embyonic stem cells) jt — all ESC ^mlaJI IpUJl 

. 2 JLOUI JU=viU 1 $jjjjj tjlfLaJj AjLuaII 2 aLLll ^ ^Jl 11 a jj$-k q±pj 

iJ l— 1,*TS*1 y2 < A^C/1 ^dLuiJ jjl jj£>u tl^Aj 

.AonaJI AaJIjlaILj j\ t—UC- ^cj^-4-cu jl t J^a^a 
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Cj\j\ 



Crnlrrsarne ^f irama f( M Asia's 
Asia- /_ / £_ 



fe£r n 

I 

Chromosomes -fils 



uijV! - 1 


4 jj£] ^LuiAoVI Jl — £ 

f Uau -»J 


^LuajVI ^ :Amitose 

lg A — fcil% ^ > 'ifl U |9J t (J jOajijj 4 _JlLxJI 

v-* i — & J! 

lj— &J (l “ £ J*_U 1 j) tiJ) 

.(Jjx-arJ) jij ^LmAjiVI 

j— i4*n jA - ii 

^ — ouij^l (i) :Mitose (Ja — 

•(2 ~ £ ^j) 


Chromosomes tiisffnt* 

!! nthronmUnuc. 

IK >'— — - 

4 /n (\ :%. 

T v ! 


4-1 


<* 




» >•• l 


in 




V W 



/ o \ . 
:/ — 

Plaque cijualorut/c- 

1 E 

S'ct/aiix-fils Cellules- filles 

I 
I 

\ 


© 


ii 


-< 


m 

if*' 


Tiu; 


^LuiaIV) :2 — £ 
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: a*jj 1 fUM — 1 

Lfj- M f — t jjlall loA ^± = Prophase JjVl jjLJI (1) 

— .lajai. La Ale. (JjSjjj l Alnil^ (J (AjjluS ^Jsuoj t A -i jJ^l 

(J— ^ “ Asters qixZla ^mVn fj\ ^ ^maJl Pnh L»j 

(J j — aul — (jljiJiAil (jlj!jj]| !a& ^3j — AjLLII L-jjaS La^la 

(j— <a J — j (J — £ (^i AAa-aj lIijIj^ (j-a A Ac. JJ 

cs — !! ^jjj — (J^ j hi t V iij ,( 2 n A j . u^l L aa*JI Iaa i jp ^ijuj .*La>^n 
(j jh^i^ (jl jin JaIII Chromatides jlApLojj^l! LiA <jjLlLia (jjjlui 

•Centromere jUjjlioJl SJa^l ^ 


ji — t — a^JCil ls SXij -uaj : Metaphase jjUl (ca) 

* *» 

^ Ajj3A jIajJ C> l;j£jj Fuseau achromatique 
jSLi^juj .(J\a* tidl (jl — Jiiaiill <2 j ja. A j\A 11 ^ aLa q JA yjilii aLIa 

i ij » J 1 a j t^jJAlaal) Jait Aal*Aa ^r Wi n a 

(J^ »-all l al \W j 4 aLt-a 1 Jjjll ^jjj <jj£j 

.^AAkjli. l^C-^Ljalj 

1*1 1-SJ tlAlli ijl £ l jj' lU^ij : Anaphase jjUI (^) 

.4 Lliall AJaiill eLskjlj 4 Aj 4lail ala>jlj AjjAjA (_$AaJ t—iA^ n 

^ 2^ j/n, (jjj Wall' L_ LlilApLaj^^ll (Jjb-taJ i IaA 

4-llLaj AAxJ jLowj — A Vii') jJS Ale. — lAAAe. — ((3^^ 

m 

.^JaUjJI ^LuilVb IaA ^ <UJ )a! — JaJLajll *;Aj 


i >* all ^iVu :Telophase ^^>11 (^) 

, l^AX-Lila AjjlaJI <— ^uuiaJI Aaj^I 

(J u^aj JJ — ii) f\ iafllVl lj) A*J ^uoJ) fUU — 2 
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Mitose 
6q uationnelle 


Mitose 

reductionnelle 


— ) tAjjljouiVI 4alV;<all Aic- ^xju^Lijjjjuall 

. ^a.Lv l o^lr. 1 4 lit il l qa l^Uajl t 0 ' j 

2n Xi_*-1{ Lfrjt ji Cul£ jllj — fVl (ji tf-iflj Lo^a 

->A g. jj*j aj La$ La (JS (JaXj t ^UlLv Jl lllAmfl jl — CjLaj jj^aj^SJI 

.(2n) CjUjJ 

(2n) (IujJI 

(2n) <&l Uiil 

(2n) *SJ1 AalUl 

J fjjj — 6 J J J ^ fluiiV U-ijj 

‘U^ Lalt jt UdAxJ JI 

— (_} — Saj □ AjjI j J CjI a> ^>11 jl dj| JaII (jji 

0— a lJS Jj — AjLaVl aj 

•u£^ o A^ 

U ji JljSiVI ^LjuiJVI (uj) 

•(3 “ £ ^ j) .‘Me i'ose 

J 21C. £-U-aJ -Uij 

ol^j AjIc (jlS La L e ■• ^* > *' Si ^ill 

IpUJI (j'Jj J U£ - jfy\ A-iliJl 

— ^d_Li3 . ^LuLaVl j|i AjjuajaJI 

# 

(j .< 0 j^C-_jjll JXtil l cc.L>iM Lmu tiilij 

J t jxj lUA?J *lW JJ lW 



2n.*» 


n 



2n*U 


F issitrttlion 

rie.\ 

chrrrnv.somc.t 


Ap/Htrh’rtti’nf 

liiV 

cfiryrno scrubs 


'I $?*■ p:.„ v ,t 

? fC“ 


f 


u 



2n.<* 


i w - ! ' • . • 

i : t : ; : 

w 

'Z:-' 2n.4 



n.2 


».x * 

> m i J ^ 1 

; V • * • 



. ■», **, ; 

V.'.i'// 


IV 


n.? 


J) :3 — £ -il l 

(u^ J) t/jliVI fL-ittlj (jUJI 


LJjS/l jl JsSA 4jUll lLa$_ul£ 

llgJLu^a^ Lu; 
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j] y 4 - 1 

Cjj — 5uj ia£ 

J — £ £ (.UjLttj 

^ jM (j jg } \ > Vu o^jjj^jj^ 
\ Jiu J <^lc. 4^VI £* 

AJa__uj|_^j (j ^ jj 

jl t A, A-aJ >— oiS\ 

da. A^all ^ 3 I ^ t jLijjoluJI 

£-ljjS/l da — -d»J ^__j . ^ jL_juM 

jj A JJ^ <J£ t j^iij j 

- O J** ** J U?^ a Jj£ J) 

a — *jJ u — * £ jJ J — £ 

jljpLlllj t A jA'c. t j 

jtaj j ttil — Si j — *j - Tetrade 

ilj_j-aS j A Kir. LliLaj^j-a jj£l! 
tAflja *4 (Jj^ JjjLaj^£ tj£ uJuLj 
io^)j Sjudl qm\ aall dal . — flJ Ajc 

j j£)UI cJ ji-all j^dsu La£ — CJjjC> (j£di oAiu-a iAjx.jA 90 — II 

.(4 - t <-_>) 



Ajiid yl\ jiiVi fU-uAlVi :4 — £ f ** j 


j< J'wj — Ji^Vl ^ Li .. mi l dajjj ( lia-l ( ^ Jjts 

(QjL 5 ji <jJ.lul a J (_£ L^) f tlllLllI jjlall 

. Aalikdl ^dlaS a^.1 Jpj 

el jj t (jlTilVi > n rt (jlSLal£ ^jLnla. jjjSjj 4aa3 Lai 

^jl'nl-vll (jUwJj — CjLoj ^ (^JjLwiVl) ^1*JI La^la 

fS aA L fj& Iduj i^SI jl! v ij - Haploides ajjIjI - <— iLi^all \jjAj3 - 

Cj\_uLiwa]l Cpi} ‘(2n) Diploide L^Ui^all aj^jAja 

•(6 “ £J 5 - £ r*^) ‘( n ) 
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^ jl c- 3=w QU Ji\ — (J-^ nr^ jj 

0 * v . — A i a»*3j — jj-o ^pj p^a*j .1^.1 (j-a 

^ -*,a> ^ ^lijl . j) Crossing-over mJAiaII ji ^jJajlLJU 3_jl4*JI 

(j , jn\?b.ll (j a (J £ ^U.uftT^t jl Ajjlill — 2 

^ i*-aJ ljs__£Aj — dll^S Ciljj ii {jibli. £t **Aj» <> ^ 

:(6 — £* j 5 — ^ ; jL^ao^Uj t ** A 1 1 ^a]i <j.i^)a LAiLi* £jji 
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( n ) 4 (n) uLUj (f 2n) pi\ AjHJI 

d_xJjVl ) n\H\ \ j \ jLL - (A_u4ill) AjjIjI! 31^ _>a]| JSUi (jlliliJI J^J J 


.(JjAjuII ^ jlaw j tlflij.,*"! J 



u* ^ J^AJ :6 — £ fuij 

5 -£ 
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Cloning ^ U i ukiiV l 

J 1 ^ m)I\ 4-i\-\\ 1 ^LOijlj ~ g, *Q>mi ill jill Aj «1 l^sl3jj 

4 i\A 1 1 ^Jj 5 (j-4 t t. il jl j»r jftVi gjj.} — a LjcU-bj Iju — 

^ 3 t4 jbUau* A :xilill gj^Sjj • ^juii> II llljlll ^ LaS tAilaill jl t _j£UI 

■j^.~vj ^ 3 (J a aa, La IIAj (jjUSk. t gjG* lj 5(jjilLaJl 


- < a* ■ * a ^ixj| 4_lt <■ Lm Ia^iCj 4 ^JlIjJI 4_-v » ill 

(j; joi l ~ 4_iJaJjd1 (JoatSOJ tAflJLil) g}& gpaLtiaU tAlLaJl al& gy^J 

t4_ilaj^i]1 (jJ-i j .4__jj,l*J1 eiVj — II ji 4(^_jfull ^3 — aj£l 

. w t ** il ir i. P I” > In i er. 1 1. Wt t 

• i* 

a lal^ill AiAlj (jjfi u' "~^ mUmVI <J jOj ^Lxi] — 1 j V J 

•Cycle cellulaire AjjLkJI & jjdl j1jL»i i> 41a^ jjL 
-A j — g$ jOl CjUajIx _^&j l-iILIi i^^OI ujljftjlaJ Aj^laJI 3 jjjJI 


C flHx> 4-IxO_jj ^uOLi^njuli ^jP- 4 \a*wm 3 I jh oJj^a LOli. till i a.LrJ 

(j — <ajJ ‘Lai uail j t4 jJuaJ) ad 01 lic-Llajj t4jWll 4jlS adjj — 

(_ri ■ A gji ttlil jjjjuuall a 1 a H.iV)j ... JLik.Vl l. rtlxl AjjI^aLujI 

.Aj^liJi a jjOLj l_ &j*-3 tAjlail aU^. 

j — aj a_£ij 2n) "tliLw n^iir 4jxj,}_y0 4 QaJI ^oj 4«.j01 ( ^ia 

HO ajj- Hill AulaJ Afuilbj — (Growth) G j a jSill aJ-ijj 

— ol aOI cj^jVl liLL jjl*J1 jjJI J ik G] ajuil) ^alul tAC.L^j 24 

* 

• l.(j. J — II 1 n£ja! Lul \a& IgVngjj tAjlail j-O a joill oIa qs \>> ^ j 

1.(j. J — II i-;jj£jj eLIil j — 4-iliiJ1 S^LOI t. ^flcLlaj Iajj t jl^a LllSj j 
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^juuJI 4j1 j 5 t (Synthesis) S ojiall (jj*^ 

. cIjIa j^jja AilS 

Q Mitosis 4 ,,jK!l (J -kQj tcilli .Ixjj 

ji j— a ill (j-. < AajIjII Ajak^ill 

^ Jjl ojlc. jikljj — G2 fljiall 

4 jl^j ^ 03k. jxliuij tCjlc-Lj 

M ^ t.uViVI S jj 3 

4_j 1 ja ^1 < (Mitosis) 

J M 0 jp — ail — 4£.1 *jJI 

J £ Uiki tJbjiuil 0 Jji 

‘0^j 5 ill UK?j.KJJ^ U* 

(js 

J ^ (a£iUjj£) 

.(1 “ ui ^UJ j) .(jpjJI 

J jo3 Go J Interphase 4 JISjj1 a^I j 0 j£a ^ t4jlU! jSIaj tljjaj j 

. 0 qa G] Sjia 

(j ^ 4-jliJI £3 {jl — ujVl^ii <V ^3 — JslOUSj 

j\ (at jj jll ayw jjJj Lajk^jjpjutll 4 jjoUJ idjjJi 

— ^ talpji 4auull oi& tG jl plili — 1 1 

(4__jJsLn!l ..-Anfo - j! ^JUaLJ! - ejL-ai^l Ai*jj 

M aL^^aI! (Ja ^coi ‘AjjliJl 0 jj^ll ^i-auiuj to jjjS, AC jjaJ 

— <_j — Al.1> (JA M aI^^aJU tS a1^.jaI 1 ^yi] 0 ^*SiUa 

t>^coJl o JJ J ji»A (jjijj ^ dilj jaIxaij (2 

. UjIaUaIjV l 0 t h»l u 1 lA«liC-_j t ^ i l l* a l l 



C^jt» ; 2 - J r-j 

id , ^ 1 ^uS 

4lxj^ C> 
c^ s j 4«S 

jau. iy« S aIv jaIs 



synthesis 

4j^liil fl jjAH <>1 ja Jjaj it - Ll J 
4 ja l£U 4oloJ 
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4 (jj tS 4^tl}Ji^ Ajj! jjll SjLaII t-.n^jj £-^*0 Lo-a j 

Ja JjJa J LJSj^x-allj et-lil i Laju^lj_y \J lull ^3 (Lj^ll ^j*a o^uS 

. <Lm a ujl'inj^jj Cjbu^jfy Sjj£-all CjlliaJI ^pi Ale- ^1 AjjlaJl ojj^ll 

j| ^jL— £ (jj«i — a^cajouJI tljLal nitttVI t_jl^)ixAai ^)&Llxa (j«aj 

, Cjljlia_^jLJill j 1 a4j — ^jJA, JajLja 

<■." i %~*i y &> iol^ill ^j-3 4 A^nlA 4**jl AjjlaJl A&Luj (Jxjuuj 

A -jlaJI (jj— 3 t J (Jl^w ^9 j - 4 U n ^ j iAiajuixo (J-al_jG- _jjjIj 

.l^LoSjlj l$J jjJ el^jj ^ 

<AjLu1^j__ijJ| a >r-t jytbgj t A—TJjV 1 1^ jl ^jJai A-lliJI 

0-^3=^ j c_a£jj_J j — 4 jj— j — ^ CjUuj^j ^Aj iCyclines 

.(3 *“ 1 >— i ^juj^ IaA ,ld 4 t 


Degradation trf htcjcl* 

'•Vi^ 


o* GfCyclm 



Start commitment to 
enter S' pnas4 


aJala!) JaI jx% {_yzxj :3 - ui ^*j 
Ajkpafl Ifi jjJ ^3 tlULia. Ajli 
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(4 ™ ^j) R — ajuJI <LSjj •‘UliJI j-aj tGi ajI^j 

A *j\a-o Calj 4 Go JjUl Jjc. 4A^1 joujVIj 4<—ia jlill Cal A ilaJ I " jj^j" tin 

((j^J — Aj-aL^. CjLaJ jj] dlJjj .S jjU) 4fljj.lll 

ilil — aj Ji V I 6 A_— & _j i .— i t « \i . Vir >_3 .E Jj15j * tD Ci i l 'j'*! I ^ t» a i 

5 31U1 U (adenosine tri-phosphate) ATP — II qa Po 4 cAiuj ^ill 

.(adenosine mono-phosphate) AMP J] Ai_pal 

Ac. I ^ *lu ijll £jl£JI iPRB Jjj jjJI JJ tliliy, ,jiSI Jin 

i ci jjj djliijj jil! ^a AjsI£ A_ia$Li ^ikVl l^A Jjjif Lo jic. j — AjjlaJI Sjj.il! 

j J i' ^Unjlj Ajj*_JI cl >Ui% II j5j t ** n-h J^l jc* j j-vVi j 

all tlAinjjJl — Uu^lijjluJ! ^ 4mRNA II 


till ipjjJI J — -Vt.fl't lal^yi jt l - Tk jJ n l J J 1 .}£a J .lgjjj.1 ^ 4Aj1~JI 

\ tlgJJjJ jAnn AjliJI j*-=u (CDK 4 J E J D jj Khali) AJ-I jllail 
J» a II JlaJ La lil — JjIaaII ^3 — Jn^irt j La l^A j — ^IjjVl ejalj j^il 
Lnlnj 4C_i3jj jjJ iAuliJi ^i-uln tln-w » t(P. 53) ji.1 tljliujjJ ^Lanjoll 

r I *lr- JlSjJj .oJLUC- Anjjj CjLiiJk .Tun tlilinjjJI a ju jV dllij — ^jjll 
4^aA 1I j ( AjjII tljljLlajjuj) Ajjji-ill ^IjjVl l- j>a jIKI jl Ajljjll 

la -LLU ^—3 4 P 53 LkPj-J ) - ^ JJ^ J^aaiJ (j*- (... jjljlllj 

. ^1 jjVl Aj-aLaJl ‘-•‘il *ij-v II 
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Sjjiil AxjjVI j-dl :4 — <— i f ** j 



j Ai x. lajj clilli^JI jJ ‘^53 lJ J 

— Itaiil j L^LiJI 2 jJi*j ^lilLij i4>uUa^jaJI t(jjjl^*iil! 

— JjJLaJJ j <l— ia_jJ .pLuaC-SM ^jJ| — (_£ j-o-lll jlull 4 _LluiI^J 

t J 3*jJ L a£ .OjjJ plj! (j-a — — 4 jlLw {_)Ia_^*-a <j| 

0 

'— - yjjJJ £ — Cij (> <(3^1uu (CMV) ^>l£ o-jj^a ^ 

f,L— <oIxl! — ajj £- j iSfl liA V j — P 53 SI (J ^* j 

Gardien du" ^Sllall ^jl^. 1 ’ ^1 — ( 3 ^j — aJc. liSj .S-ic-l^il 

.(5 - <-i j) ."genome 


tPl 6 j PRB Cl — '±Cjjl\ £ j£ c/Jjj ‘P53 ujjjjJS J] 

.Aula Jjulli ^LuiijVI jl^)-<iJjai! ^Jl p J2 J 
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j! P53 0^ :5 - ti 

4.*% 1U o 4jft.+Il ^wLuiVl 


5 iLnc. cs — ? — Jj 

4_J_)aal! ^Laj (j]i t^ltaTuaVI 
j — Ij — JJj *j AjAjl^j jJLull 

tj&\ ^liJI J] - Lujr^ 

ij—C. <£ c j a tljlki 

jjx <l& jjLuj tlAj-oj 

- Go jj — LI! <Jj Gj j^ll 

(jxljp J l$j! jj (_]a_^> La I AA j 


1 $ Un ^j-A — f&'yCuj 

£. — <a — 4»«jjliJl S^jA— 11 ^j-A 


I A — A j — ^ ‘ u ;j J ^ Laajc/LjpJjjj 


t 4ilUl t-JjL^jll ^JJ ^1 La 

mil (J*l j . IfljuUA Cjliikli 
”" 4 jl nilli 

4 a Wil l (jjfu JllSj — 4-U-ulall 

jl Ay^ali (^3 

ft A JjLp> 11 S^jaII t> jjUI 


. La j >LaAj 1 4 . 1 ^ 1 -G 
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1 ] ^LuUXull 

.< ..,'i j j^jji 

H — A ‘(u-^jjj M * * ) 
gajdil ^Urn^L <1995 

u 1 — Morag j-ljj— « 
<6 — i-j — uj jll) Megan 
cjL-Sj- (8 - U> <7 - <J> 



:UI 


liA 


- Campbell 

— mTltuVl UJjlaJ U 

Near t "i >» < jja jjj 
■ i h first 

Axjjj l^A *j>alml 

Lj'vLi. f^ysk ll^Jbul < (_) J)y£- 

i- >'. 'j/l a ...;<« 

J - Blastocystes 


^2 4j) j^ll f-Lalc* jLxi i7 “ c . a ** ^ 

, -,ka ^1 0 V iSAl— 

1 ^JJ Cjf'y AiL-ia! ^ i-u’i l^j 



Aj^>ajl) oAA — JuA^Ji j 


GO jjlall 
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(jl '. 1 - * } <1 ^ -1 l" iwl (Jj t A ij \ -V \1 £yQ 

.Go t> l$/jS U jA 11 a (jl j^jjj - ^U. jl! ^ Cjc . jj 



jjUoaj £lj>* ^ C ^ 4 ~ ' ^ ^J 4 :8 — ui <^j 



c 1 - JJi 1 Axjj 

£C__Juuiujli < C-J^LtAII cliil JJ 

J^JL-A "^iljV uijjaJI 
t ( 1 998 ' tjjMijilA.* 

"Cuj&jLa" (jAiSfl (Ja-xJIj 

if uU^i <ir iJa^l 

jlil cl jjll ^.i— -v^ll 

.(1998 


ill ■■ >auui) LaS 

Cj — mjjJ A — *^abk j — *) Robl J — JJJ f4-^J — 

Advanced cell <c. jJ>^ t>*) Stice {j^alluj <. a n *-o j t(Cijjj£lui t Amherst 
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Je a£& 4l® 23 j f<SjLkL) J AjuJ (1998 jL?i) (technology 

lj ^Aj tftLi^v-11 jui 



:10 - lj 


4 ~\i ill jj lj o Jj*3L_Jj 

jJ — all jAj J ‘c^J J 

^J—a t^-i— _=wj j .1 9*1 C^jU3k^all 

A «Ula^ — ^L> U_ 

a jju.. V nill "Cj—JLSul" j 4 j Lj 

</ * ‘^WAlla 

(jl ULU (JA (JjjAxil J tlillill 


.(10 - i-ifu-j) 1998 


:rt 


* *C 


> ji ' 1 * ^ 


.VI ^uaj 


t^jl — ill ^il juaajiVI ^vi 
^ — Je AftU 33-28 pLbajlj 


-k jaII oj-» j^L A^*jll (ja^. 

Gonadotropin jjaII 

Jj J& J_-i j t(GnRH) 

(Oviducte <-j jll — a ujj-J) 

* 

t(PBS) A l-a^ Ajaliuij3 S jLaJ 


%1 (jdft (JaIuU 
— i-all jajII (jjla. 
(j a A jJajj^ll Lj^lA. 


— jj — £.ia]! (Ja^aII C}A %10 t£j^) (M 2 ) jk£b> -la^iij J] Jijjj 

j (j* %5 C^J^ J^ ^ LpLidi t (AjjIa 37) AjjIj ajlja. A^kjJ 

.JU^VI tjj^l < .\ii ii£ji 
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| 4 \j,b £-0 (AjIAJI 3 * lLi Li j (Jjt^liuiJ ictlij -Ixj 

,*1 tA \y\ Q—A X 7V jJ tfll_ji]l A_13vlj (jJi j — LuuL^ljjJj trill (j-a 

, * * 

~ pjl ■^vA.yi — 1c. ^Ll AdLcJ ^)jJa Ijn ; tillij tLjjUjJa Ljlt^a.%1 l^iLdaJjJ 

fill U3Ll £- jJ 3 (JA IgiLuajilml Jjtj tAjUvVl £ Jjij j 

u-4 ^ *j Lua ^l) Trophoblastes Ajii-Jl l£UJI 3 jJ t ^nV>l l 

4 _^a jjS/ 1 1 j3Li (j-— 4 ~ 4JLaJl oik ^3 — Jaju)_jll i— iltuJj — (A^pi-a 

j « %10 Ja ujjII . 4-oLuLl ciUuj ijlil Fibroblastes 2-iLlll 

L» i A' {_U c, 3° l^jl Afl-aj t tf-lll Allj l Lo t jj-a %1f)j i vLJI 6^ tjn^<a 


^pa j-H \ 3 L 1 j Leukaemia inhibation factor (LIF) ^ jJull ^ 
j -^V i — 5 j4K*i<all Ij31sJ! (Jx-dij oa* 

laxii > -pa. Jaxa j 4jjj_aLdl LplaJl (JSjj tlAA*J , l jixtLnJjl\ ^jjjL — 

— ( J- Jml 4£.Lu* £4jVl JaaJi 4 j3 3 LLJ 44j_jla, -Lj-Lil 4*Jji 

— S^po S^poiC. ^riul 4 a1a*JI j^SjJj — .liAa. Jaa. JJ — AiaJV 4l^^>a ^ 

I j & 1 j3La. (Ja.Jijj — qjoiI jj Lila J^- (^ c ‘ (j£^ ia^Aj 

^L_J a*ma% o.ia Ifr&jjj ‘(Go jjUI) Quiescence jjluJ! 5JU. JaiJl 
^ — ]& (Jj ^ia Jl Ax_!j . Jsoll 3 iia J^-a-a 3 > %0,5 V -^J ^ 

.i lj tllijJ) “I j*i ^« 3 — jj ‘iSf^ i j xj ^aAJ 4j£LuJI Lj^LaJl ftAA 

1 ,25 Ajj__ki ^ Lu) Ljjljla jVxi j L» ftj ‘Gonadotropin a^.ja1I 

a \ jM aJI di& jj tlAAuj .ijjljjjliLa 80 oA-d dilij t ( Ajj^dJ j3 jL^ 

J 

<5a^L—jui Ajlau dlawaj ^»j i j&A\ (Jfia. (J^i.a ^ 3 ® %10 (Tc 199^ iiwij 

tlii jL 1 jIjj (j-o dildaij flSXij JjM 5 o-l<^ L-JjlHi jLu SAC-LhaJ 

' « * 

.(Tc 199) 80 SaaIj ‘Ijjjj 

* * « 

4 - 1<1 uJI gj j i-G l U _-G I L— _£lij A^-aAlall dlldaJ^ill dlkj ‘I J 

— £}\ uill Jaxd jll ^ J- jjji (J-a O* ^mIcIIj (dl^lii AejjiAll) 
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£jpll (J (Jj ^ flill (j j‘vv % 1 0 Aolj liLj^o 

li « - ^UniiVl £-i«j diLjLuS) Cyto-chalasine — <jj jVLi jluJI 

j3 .mill j_jla £* jbk lAiuij (_3^ Lff^l *— tlllaj t . D-laJ j Ac^Lj 

j] Aj ui a js c uajj — tioSe. ^ jl Libido 

A ixj^ttll tliL^aj j^illj — Lg_La AjjjuiII (jji^yu AjdJ lAJi*4 41 a £_^kjjoul 

tl»l— jj fr\ — *1 j»l — a^jl ^ — a — Morula AjjjjII 
11 CjjjA t(Receveuses cVSfi) 



-A2kJ 


AajuI 1 :11 — ui 
A-lLuD a*j 


UJJ 1 *“ > J ij^ L > U^V 1 

Aj — ul tli — *L .Progesterone 

jj a 0,36 — %1 ^11 ^LuIIujI 

— a.Ui aj — tlujli £jjVl ijU^j 

a LiJ i jkij ...0,6 - %0,9 :^1 j5ll (jlc 

«D 

^ — 11 j3 A— •vaili ajVj (jc. (jl*J ^aJ i Ajjaiill al& 
(j a ^_li AajLUl l^c, Jjlj VJ 

«(ll — L_i ^ j) 

^ l m n m l — A — *«i*l dl__3jjll ^ 3 — t Ac A. jII L-Jjlstll! AiL^a^ Ijj 

— Fibroblastes AmLl ll A^ojjVl LL)bk (ja Lagio (JS tSl ^ill tliikl * Cjf'y* j 

l_£Lk l tlLu^lj j^JUfill Lj^Li J Lij^uallj Lo _jJ 26 tilljlji — ^yuC. 

1— *— 1 £ J J L ikjuLUml . ^-iiUl ^LiJal! ^rj.4 ill p.*'6 ,1 tAjLii tA^aLja 

(j 4 AjUaU ^Jbll ^ m>ll L£)Lk (jx — lg_La (j£ (_£Jl 1 — al jill tlliki 

* 

^ J ila ^jxi Aa. jVihu U>bk ^-a — a ja (JS ^ — ^cJj ^^ill tlul£j — j-a*ll 

• ^lj (J43 i{jATkl! £ja ^1^)11 _>^iill ^3 tAxllj Aaju 
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v *1 Vil £ 131 — — Nature aIxa qa ^ >^uj L*S t^jja^aull (jaj ^mUJ 

— ^ ■ ,■■'.^111 all jail 13a ^3 1^^311 Cf f . 1 * ** ‘ a V I — Aa». 1 -v^- uft jj J£ 

. «* 

(JjTkJ UL) Ajl V] — (XlLj jS3 (3* Iftl^JI dilaJ 131 t JjS3 juulujl (jIaJ IaS 

l$— — a^j ^ 3j tAji^anll AjlrJl l q±a 3Sjj 31 l L ^u)l\ l jc. c,UiomVl 

- ' «- (Jl =w lAj^^jJI (JxTl^j ((_$ jz! Aj^lj (JAJ ! £CjuA±Ll4a]| (jiWll 

.{^iLftll ^ ttli3j-dl (jJju&Vl 

0 # 

fllc-l ^ylc- <— il Jjj ^1 mn>uVI Aj^JSU ^Laj (J JjSj 4I3I jJadjJ J Ijoilj 
5 ^>tj jiH l^ji jj ^oll AuLkii A^Li^ll a jjul! ^ja AL*.j-all jl jjiall 

< a 'IaJI t J \ - — fe (jjSj V ^jl <■ ,.i^..i 31 — Anuclee (t** Aj» u^>ll) Sljill a&j^aII 
a3 . aLLuiII L_sjlaj]| AilS (jlikl l-Ujoi I3aj — G| j Gq (jJJjWi ^jlk 

J* si ^ylc, ^.n>ll Ig^&SUa (_£ ji:vl tS jjiall ( 6^ -° ^3 A jlk ll o3A LliilS (JL*. 

a oisJI c/ j^> ‘S j_ftll Jajjjljl ^ij ‘(2n) 33c. ^ ■i»ui (j a 

,l,^j,3 — II A-baS jj jSoS ;G2 jj^all ^3 Lftl — (3n) 33x11 13 a L»ilxiJai A 6 L 1 
.(4n) L ~ 'I J* y "~*H Aa 3 La.i ^3 i AilxjJal AjujI illlji u.r>|| 33C jl 

L, ft t(2n) Vrtj* Urfiir Aak.j3^>» Axujjo^JI AalkJI Sl_jj ^jl l6j^)x-al1 j 

3 \ , .. jl-j 1 dll3Sj — l_s^I Q4 (JAaII L_L-aallj i^\ ^ja 3U*JI 13a 

0 

^ jj aS /1 &3a J “ (^n) 33*i ib*0ila Aoj-cxLaII A jJaaol l ^ 

9 

II ^3jJ Ui (Jj» flail 13 a jjji tl^alxij QAJ toljilu AjJojjjII Jlj 

1 ** < j -* * ' wl l -v 1 Lta i{2 x 2n) AjjoaJI a1a>1I ^j*^o 3 i <. tC»\jJnj 

A-j-laJjill (jjSj (AaxajJbll iljVUkJ! .tllLaj JJ^JJ^I 3j3ui A > jl i 

» -v < Laa l (^) ^ ‘ 11 3A*JI (^J2hj * > 0 l-»'i\ l e| jjj t"tljlai_u^a]l Ajjl^l A% >^Llll 

^jaI^JI (JjSjj 3 xj Lua i^uuiiul <(2n) u^ill" a^-j ^^- 4 Ai* a i l AjJxuII 
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<c. LpLiJI o^lc.1 CIiaIjj JlAA AaC. 4^Aj Lo L-i JU aj 

£- J £y* J 1 ‘UU*^J L) 4 *^ 4 ^ <£j^bll AajJ ^ji (Ja 

(j —. a 4^£ jl^)li _^a 1! ^p.lji ^Ij^ ^ 4(J-4aJl qa uj£ill t4. >* j 

ja.iII jjJa £yn ji 4^AalmJl UlvIsJI 4Jbw G 2 *S J__^La]l Ajlg-j 

oi— — a Sl^j ^c-!>Ljj tillij — Go b^bL Gj 

. j|^)j ^yjJl <jJaJ^l]l l ^LA L£LaJI 

# 

0 jjl — aIa L jlM^v. ^.— ft j — iJhJl l — jubL SaLc-J (jj <JjIj 

^ SJ - 4 m 1 % II l£LUI (_>a£jo t( jl jiyi) <ii*-a <iila j <— ili Differenciees 

(J lb j^il buj i ( jajj Vj V) A * 1^1 > J b^Li. 4 Go J^kil 

4 jAjLa o^bi£k 4^%10^ ^bli QiW {_} - s \ a i ^jc, Ja-kjjj qa ^ jLLII W-sJ I LpLi. 

4^bi A uia-% L£LaJ! obft cZubi ^3j — (%0|5) 4 jA*j1! (JjU -b*Aj ^J 4 AjjujLujI 
{jl£j .<UxLttMj "obi-l^air Ac. j^bdl AaO-uII ^3 4l$jl j!i <jj 1 jpC.1 (Jj3 
A tl J Au "^Jj^fc**i1l ! ift Aj l a aI l 0i**X 1 Ji3 £^jbx qa 4^-aIc. 

_jftl 1^11 y 3 — lift j (Ja^aII AiLbaj jjp. — b_^3 LoS ^jj^bul! 

(Jj — >»■!' ^*1 irt'nml ^ 2 IjLuJI l— JjbkJ £• b»j] ^jujJJjll L_UwJI 

♦^J^J gA^ 

^CjuiJJjuLAil (_jAajb-ai. (ji AiSlill gj All (> - V - I jaiJ j 

<Aj — ujjadl — 11 Jj__all l$j J>aa 1) ^ull tilt ^a 4^a»l^jll <il£ qa 4 aLLLIa 

(Jj- ^ „■ -J Au lillij — »l_jill AC-j^iall AjliJl ^ 4<Ol^J 

b^l <> eA^lj (jil — (jjjfll **nTil (jAAboifijl Ljj& Sja^V^ 

/ubxiiuall" 4j3b^l jl AAl 
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— 4— A-J^v ill ^jc. 4 _laaI V — AoaIc Aj^swjS — ^LuuluiVl (3*^ 

4 J Uai$J j\ 4<^3jll Lr^l U^VW J (J^i 

!jL,Vl ^1 J\ 


ojjLul A^c ^VuJ (^2 t^-UnTn g^U AjjLajyi Ui 

0 

^ *• ‘^ a JJ 4 ^>A^ «^) tillli ^jJ] — JjUJI ^ — c.-ilVn L»aAj ?4 jjaUjj 

jj^j 

i ij jj, £lu> (Jl_^j V — <— ijVl Ajuc. jjlc- (j^jj — 4 j 3 (iLi V ^>j 

!CjI— ( j — <i 333 tc-ljjl t 3xj 4 3xjj Aj^aJjJU I'^ixJl l3A c-Lall ^3 

1 *t* <^3 — eLdxJI jjlfl t^'l^jSfl <xuu31j 

• t t * 

3 JU VJ — a* jl j\ t^lxill ^Looluil 1 jLrfjjpJ — 1 

i^j|j^__jj 4 jii>i<\ Jajj 4Jj_jla CjI j3 3l3j-ol ^yic j to^jjLiS CjVjI^-a 

!2jU]| ^3 3a.l jll 4_Luij 3 xjj itiili (J£ £-oj — AliUa 


m 

% ^Lumuit ^ilaji! 3rw (jJJJj! jIL (Jjjlfijll <J$3 
A*\ jc.y 1 jaLLwiS/ 1 ^yJ] Uj 3jxJ i^lAji j CS^Xy*. A^y^a tilli yl jl 

(JjIS 3u — (Ja-cxujj ^jLuu*yi J tV*i^ tlirtlui jJj !VaJj1j aJj] t_ili i^jIjI£a jl 

^A-y 33 (jj^J <Ja VAjlsfc (-JU$3 4 jUuyi 13 A — CjSjII (ja jjliS jl 

1 ^ ij — Ajl j! y^fciv.%11 t> jLuA .1 *(JaJ <Ajui 1 x J^ylc. 

m 

A^j Ajttja-v AAa>. £ja tiiliA (jl£ lil ~~ 

!?a 3 x 1 uli !1 


^_!c Jj. ^ 1 \ - Jjj Vj - lIjVi _>ijl f* :c UJi “ v ' ^ 
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jl ■■ , nVjl" £ a ^ klLaJJ I « I^A J — (jLuijjj ijljA^j idiLj j-a s^iVi 

jl lili , (J^x-otall ojSia ujSujI <AjkLvll ojlA j*aj pU/j "^y^ulall 

tig l^. lull 4 H ojlJI j tAjl£ij Ajc. j**J ^jj*J1 -Jj^JI 

ajUl (Jjg uj jlii.1 La£ {Ajj^SS^\ J-U^aJl LJl^ISj 

j— a * j— laJ ^£jj Jl <-_u*]| ^Ijjl (ji a*Jj tCJ^juiai] l^lLajliaJ 

. . . Ai^ia. <— >1 j^J a-ijlAj AlLa-yl ^jliilll jjVlj ‘JjiJI 

% 

(jjjxlt jj tojl J £T jl j£lt j A— JajIaII (Jill ji-JI j .13 j 

.^>1 SjIj j ^ j* WilLj 

# 

jj j~v . nij U tt pi .aUll i^jjC. iAuljjll AjaiAijJl ja£ £-aj 

Was — lW 1 ' — a^l — jj ^ — 3j A iij)l <^ij ^ln>Jl 

C^J-i *~ LS ^ " - A U^y» 

< 1 jlfl J 0 Jjj-eall 3 l"lili. ^•LjtUwiVl il — 4 jIS j\-%.a ^LoOUaiI J] ^liajj 

* 

IjSIaj jl) j-^ i"il> — JS .laa laJ jaj (Jj <Aic. ^^lij V j tcJ'-aVl 

t J O oi l (JS*Jlj j^AaII ^aJ! .1 a ji — ” Aiij — ^a! ' j* AVvl jJj LLo 

a — (^S'A a] 1 j * >Pkl j]j igjOjJ-aU (JjJallli — ^ j.i t> o^y» <3^ Wj 

♦ ( jjlH.A]l jjulAl M liijl_U^ 

t <al*Jl jj Jaail (JJ jla ojIaA Ail ^•LmUuiVl ^ jVl o-lJliJU 

Wl C^J^' ^AJ-^J 

^1— Jj) ^ — Aj 3 ^Sjl "lAiftll ^-IjiVl jj<a Jii^ll j3jJ ttliUjll Aiuullj jAj 

Q—f^=U -V Qj — ^jl£— _uiil j^aill A^Uk. ^Jua - - -t_ ijv^ll J jl ■ >i A. !1 J 4 ^<1 

tlili jla» kiV 1 JjJi — J j— -» Jl— jjaII ^L^ujjjjIj tljjljll c-llull jlLayii 
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jt I J— 1 j A^jlLoll jl . .3_^i_iaiJI A-ajljll (jljjS/1 

-4 ahA *\\ AjJall tlii j 

\ ? jjjfc 3 jIIaa Afljli CjUjK > unJ aSIa* Uoi 

3^jj£a jl 3 ^ 3jjJc ^k-iS/l 3* d^?“ ..mJ J ijjLuuyi A-aia. ^3 

(J w»\Vj I ‘n/i (J. -A ill (3* l” it ■aj-yx jl . . ,3 ^ajlx j! jjl£2ll Aju^ui t^aill 

3 a j lj j <^ 1 J jjill ^j l jlx AJ Iaa (ilk 

...!<_ic.jj ajajj V 

fl^~ ~^-*y 3 ^ j -(^li 3 — * j£ 11 cLalxll 3 J JJ AiLja^lj 

. ..A^I^aJlj eliiiouiVl A^aIjII JjLi j\\ ^jaX^jum] j 

LP 3 ^ ‘AJj ^UjacVl £ jj S-UjSll ^ lW t>J 

* , ,!_^j jlliJI j 3 £)\jjli^\ 30 Ajj^ A^j.nn i ii <a t 1 ill) iM (_ 5 ^i,lj Lfrjc. 

jkSTi > »j li^La ^Lul^Vl 3 IS kl i^LuuiuiVI jUii4 

Lg. kk=u (Jl "I — Aj^pjll — t* ilk a ^"11 (jioAJ £-a ^ijjaJl J ^liill 

tlAfriill 1 j 1 Ixi^Jj ( 1 j oV'Xj ( uua A-v J j}A J ... 3Lajy 1 ^lc 

. J 


a jSj^Vl 3iaj-all cAjV — (Jj -^11 ^ jtuu 3 I ^jaiII 3 * 3 ^ ^ 

OcU .(-jjkkjll £>AA 3^ iail 3P^ 3^ JJ Jj-^t lP^J 

^ ^" 3 ^11 j -4 JjaII A__^uucall A-ftklaj 3 ^f^kllS AJOkjjj AjaIIc <'‘)!j*'> 3 a 

.3 jjkiJl AjaLiII AjjJoaII t> AA Afl'OLal t* _jlii-alj . . . l 

lP 3 — *j u^j ^3 - >m y — * Jj3 V okjakllj iLijsuW J V] 
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— ^ A Jl V — (JjAjuJ »AJJjj» (Jl Jh V L-Jjl^lll 6AA JJJJjuJ 

IAjIIjII j jL-IoaII j^Aj 

•U^V 1 jjl£ jl j 4Aj AjajJafrll j tA^Jjjiijj 4(jljJoJI U J JA« J — 1 

^)j,j , . Vri j uliliA tfrUlaC-S/l Afiljj jji ^ ^*i > n l ^3 ” 2 

.fiAjA^. fjl alj-J ji Q^a\jC-\ 

t( jiMUrJI AzJ fjC* »11»ILujV1 l_Ujulj t^jl^jjJl (jjlj-JI cD^ai.1 — 3 

.AjjLcuall ^ul^uill j ^jIIujII Ailli-a — 4 

• A , jl'UIl j Aj^j^M 4-ilaljxil ^uuij ^llalljj t AjJUdll j £ jl jaH jkUaj clil] — 5 
l_j! — S ^ j jll j-k,Ai — SJjlxll ^^_L» a] ~ ^LuuLuiVIj 

t-Jbj *a c-LajS/I Afiiia ,,,2 ojj^j A-aljSj tdujj ojaJ c_jjj 

JULi ^ ^Uailll (j-o ^Lfi. UAxjill t eLajjVl 

(j T- (j^llal » 11 &aI — jjj Axjl £ya AjuGauU L«j t^jl^jjJI — 6 

(J ji i iQj (Jjuiili A,uW ij Z^yjfyl jjjj (■** An LaJuj — (j<axll 

. JLutl! 

^k— AAic. (j — j-a ^a^-o jl t(jjA jJki-4 (j-aUi-kli jrljjj ^jJJ ^LuuluiVl ^A^J — 7 

(jl — sVI AlA — iuj ^ 11 oAjA> AjLlL LjgLjaaa aLuiS^U aIajlIuVI 

! J*LJI jUaII a * k hj ^ya ^LuujjoiVI jlucl ^ j Ia£a^ — ^ ja* aII^ 

^ j! j «oj ^j A\a[ (JjaI! (jia* J jliHuilj <Aj] jAJI AjUjII £ jiAaaJI ^Ac. — 8 

IajaIUJI j aJjaII a $ aj Um nJl^Ji! Iaa (jjLuull j iAjjx* 

0 

.^Lua.VIj tijjiill (j-* Ic. ^LouLuiVI (J^ij J lA°j — 9 

L_A^Li2kVlA t ^ 4 iTi^^] l ^uj ^A (^a!1 (jIaaS ^LumjuiVI (jc. * -v.** ' — 10 

• [93 ^oJl^.!j A^i ^£lxaJ jil oLi Aj^JJ 4 a^-v 
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— j Ja — JJ jj ^ ill 4 SLpil Lpa3j ^ua^Ul — 1 1 

J ■ 4 I jalLj ,lnv nj t4_u-ai»uill (J 1 jp^jujj jA j — tlilii-all 

! <IjUjI£ 11 Ajjj-a 

.jUyij Jjjtfiallj < JjAa»il)j frUJj — 12 

* 0 

jj* ^ILiIj <jj (Jj (j-a lisu Vj ^1 juuIuiVI 

-y -1 1 *[88 (JS ^jSjl £iua) AjlaJI 

Aj 3 All I ^lAoj t* it-w 

< < < l \ j \\ aIIj t— ^ <nll (j. a % ) Ujl dLi Vj 

^ j JJ-^ i^J oiv ‘l_jj£ (jc. lg jl& -v \j AjlaIsJI ujIa^-S/^ 

I -Ii*_) Aixj 
«■ • •» * 

* 

-i ^ < j .*") j t Ju^N\ ‘^V oil-. A g-1 <qLiI1 ^P-ujJ J3j 

jj lA _j jl 3 U 4 V Ijl^A lnI*Ja L_IaJ^ll (^<5 (jl£ lil n^Uial^^lj 

^ * t^ajL-a 4ulj.l (jAjljS VJ < 2 ll^ ^ ylwUJ Vj — 

.JLuJI U 
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4 jJLX^»yi ZLi\ 

( 2 Uli jjOI ^ ^IkuJl IglVal tSUobtiJl Ob jiuJl u nln,)) 


-A 

- 

conjugation 


G*l? 

acide amine 

t* 

cri - du chat 


0 *1 y 

allele 


crossing - over 


dSU 

• 

amitose 

ajt 

cycle cellulaire 


hp- Sjjj 

anemie 

fAJl Jj 

cytoplasme 


t Sjt^~ (*— 

anticorps 




m \ 

antigene 

* 

JUdl jSja 

- 

D 

- 

apogamie 

qUJ^I Aii 

daltonisme 



aposporie 

uLaislI jui 

deficiency 


^ • 

aster 

(*'* “ * j* - ' "*?“ 

differentiation 


«* 

«.! ♦ * 

- B 


dihybridisme 


JZ £jl>' 

bacteriophage 


dioique 



blastula 

4 jo JU>- 
•» ♦ 

dominant 


AjLw< 

bourgeon = nement jZ 

drosophila 

> 

^ 5 UJ 1 ilji 

bouturage 

jL-til 






- 

E 

- 

- C 

- 

embryo n 



cancerigene 


enhancer 


jiU- 

catalyseur 


eucaryotes 



centromere 

V-r* f 1 

- 

F 

- 

centrosome 

*jS> V 

fecondation 



chromatide 

! » 
*JUm 

fertilisation 
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fuseau achromatique V J_^u. 


-G - 


gamete 


gemmiparite 

ft • 

genetigue (cell) 

s 

genie genetique 

ijljj <_Ji» 

genome 

J^r (o* 1 ^ 

genotype 

* 

germinale 

i yyyr 


-H- 

haploide <J*j* 

hemophilie ^ Jdl 

hermaphroditisme <£S- 

heterogame ^LLaS/l jjUi* 

heterozygote JaJb>- 

histocompatibility ^wladi iJbli 
homozygote 
hybride 
hyperuricemie 

-I- 

immunity JpU* 

interphase iJU^I iJU - y 


inversion 

-L- 


linkage 


locus 


- M 

- 

macrospores 

L JJ<M 

marcottage 


marker 


meiose 

J\y^\ pULl 

membrane 


micro - injection 


microorganisme 

^yyr 

microspores 


monocot 

<lU3i a J— >»j 

monoique 


monoploide 

s 

multiplication 


mutation 

3 yb 

- N 

- 

nucleole 

JuJj at^ 

nucleotide 
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-o- 


-s- 


ovule 


operon 


-P- 

parthenogenese 

ijj JLc- SiNj 

phenotype 


plaste 

•i »-» > 
«• • 

pleiotropy 

ioJLuj 

procaryote 


prophase 

JjMi jjUi 

(Ja*>o . j) 

-R - 

recessif 

S 

receveuse 

(^1) 

recombinant 

Jj Jo- iaJL>- 

repressor 


reticulum en- 

U^Ij *SLi 
*• ♦ 

doplasmique 


scissiparite 

jlla.Vtl 

segregation 

JL^xajl 

sequence 


silencer 


somatique (cell.) 

>- 

s 

spermatozo'ide 

4 aLal 

spores 

t* 

suppressor - 


mutator 


-T 

- 

telophase 

c i;i j>3i 

.j) 

test - cross 

LXiS^ £j'>’ 

transcription 

« ♦ 
C r* 

transduction 

errr 

«• 

transformation 

J^>J 

translation 

jJ 

translocation 


trisomy 
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i^os.jS/1 JJjJi 


.152 Ijlklll 
.44 ' ^ J .a. l . ^ 4 

,100 <99 <62 <52 *38 *8 : ^L_ 2 11 

...168 <165 <163 <137 <114 <111 
.106 <105 <103 
• 111 * 

<107 <106 <18 *16 <12 <11 : ( J jj_: j\ 

.116 <114 
.38 r^l 


.13 

.68 ■ 

89 <76 <74 <59 <38 <31 U\Ju 


.177 ‘(^1) *) iLjb 

.9 : jjIj 

.9 : <Sj£ jj-L 

.10 

.130 ! jjt 


.142 

<78 <75 <74 <73 <70 <32 


: 0 r-r-'Jj-i 
....149 


.68 

.69 


-I- 

.66 <63 

.112 <82 <31 :oUjj^ JjP S3l ^Wt 

.118 jJj! 

: a.t.p oLJ — .j—i 

.170 

.149 <25 <24 

<54 <47 <44 <41 <15 <14 <9 :4»LJjl 

.64 <59 ... 
.125 <32 

172 <167 <124 <121 <61 <8 :^Uu-l 
.184 ... 180 <178 <177 <175 ... 
...122 <80 <31 ... 28 :L£>jJ.\ 
.159 <84 <55 <18 : 

.155 <154 

.73 :dj}S\ 
.37 
.110 

.164 <162 <106 <39 <32 : ^ 

.162 <39 : jlil’l 
.136 <123 
.80 <73 

.76 : jh 

<135 <134 <126 <125 <121 <21 .*^1 

.147 
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.152 <146 I 

64 : JiW 

.14 <12 : tX ~^r 
.140 <136 <135 <128 
,140 <101 :(IUJI ^1) j r lSCLJl J 
.80 ... 78 <76 <75 

.154 : JLiy 


.65 <48 <8 '.gj\ '} 


... 47 <45 



• 4 3 

.... 54 ... 52 <50 
.41 

<70 <69 <38 <37 <28 <27 

....122 <112 ... 110 <104 <103 
.155 <129 
.152 <8 : 

....179 <160 ... 157 <92 <17 : 

.106 <105 <103 <76 : Ji; 

.115 : yjy 

.128 

.37 : j-. jL; 


.61 : jb-S" _ 

,9 I ,» i l ^ybl 

s 

.149 <25 <24 

-E" 

.89 r^jSU- 
.151 <149 <40 


.140 

.90 : jy yjy 
.57 
.29 

<89 <82 <81 ,67 ... 63 <24 :L^l£j 
....140 <126 <125 <119 <118 

.130 

~ * « 

. 1 42 1 ^ 

<125 <124 <121 <68 <66 <65 

m » 

....134 <127 

.86 

.131 

.112 <31 : 

.ill : 

<124 <76 <75 <74 <40 <28 

.138 

.12 :Ui:^ 

<112 ... <105 <15 <11 <10 :U 
<171 <159 ...157 <140 <129 

...179 

<114 <108 <93 ... 91 : o^iJL* 

<p « 

....178 <157 <127 <116 


.140 <65 <64 I cJjbl 
.153 

<73 <71 ... 69 <67 <37 <36 : {-jL-iS 
...123 <92 <80 <74 


.153 
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.159 

<66 <65 : l . j . j) jujj>- IxJL*- 

.135 d24 

....143 ... 141 :LU 

«• 

- J - 

.111 :o>*J > 

.110 Ojb 

... 35 (33 (29 (26 (24 <23 :1.0.J 
<74 <70 <69 <66 <65 <64 <40 <37 
<106 <99 <93 <86 <81 <80 <77 
137 <135 ... 133 <130 <126 <125 
.... 167 <139 ... 

<167 <99 <38 hj> 

.172 <171 <168 

.178 <167 <112 <66 <31 :ju_^Lo 
.64 <63 • - jtU ~ 

m 

♦ 

- J - 

<12 (10 : i-jLo 

57 <55 <49 <47 <45 <32 <17 <16 
<101 <93 <92 <86 <72 <71 <59 ... 

...123 <116 <106 ... 104 

" J ~ 

.84 

.40 <39 I j£Ajj 
<101 <100 <71 <69 <31 

.140 <132 
.67 


.124 <123 <24 

.j^/1 1 lAjjr 

.160 <157 <124 <83 v^V 

.129 <83 :(U^U) 

....148 <142 <74 <24 

.13 <12 p— »■ 

.162 ' 

...178 <176 <157 <140 : 

.30 :jl^ 

<31 <22 ... 20 <18 ... 14 <8 : 

<63 <61 <60 <53 (49 (43 <42 <33 
... 90 <84 <76 <73 <72 <66 <65 
<129 ... <126 <100 <94 <93 <92 

... 171 <160 


-c- 

.136 <95 

<74 <73 <32 <23 <8 : 0 : g *l jA-U- 
....135 <126 <90 <85 <79 <78 <76 
.23 <8 <7 

.139 <137 Jb- 

<37 <35 <34 <32 ... 30 :^\ 

<91 <81 <74 <68 <63 (59 <40 <38 
...167 <122 <100 <99 <95 <92 

- c- 

<59 (52 : (obj jXJl) ^ 

.67 <60 

<110 <108 <103 <64 <55 <43 : L...1 ^ 
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...165 <164 <162 <51 <39 

.7 

.68 

m 

- <>> - 

<51 <47 <45 <20 <18 :(J- = 1.0 

....58 <55 <54 <52 

“ Jo - 

.17 \ {£ jUi I 

- Is - 

<69 <60 <59 <31 <29 <8 pJU* 

...171 <136 <112 <108 <107 

.48 <42 : Jjt jl> 
88 ... <81 <80 ,72 <45 <23 
.162 :(pLJtf) Jjl 
.162 l (^L-JLJl) 

-t- 

.86 <72 ... 67 I JJLl* 

.20 ... 17 c—p 

♦ 

- £• 

.152 <148 

.149 <25 <24 
.147 <144 

.116 <17 <16 <14 j£> 

- ui - 

.24 


.127 <80 <76 

<80 <75 <73 <36 <29 <24 <23 tl.O.j 
....149 ,138 <137 <91 <89 
<78 <76 <75 <74 <36 ifjjj— . ^ 

....147 

♦ 

“ J - 

20 ijjut[>w$\ jl^il SaLj 

" Q* “ 

....82 <18 IXL 

122 ! o iyjL- 

.73 * pj j 
53 ! 

.109 :fjdl 
.110 :^UUi 
122 : c — %j jll- 

.134 <123 <68 

.120 <119 : J jij lUjSL* 
.87 <68 :yhjJ L. 
.130 rjVjJUL- 
.24 : . lj 
. 60 

.149 <25 <24 1 

A 

- O* - 

.24 : 

.149 <75 :i-Ub iSLX 
« » 

.25 

.7 :6Ui 
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.12 : . Uljj^ 

.86 

.116 :(^ \j*\) 

.67 <37 I jJj.r.jbr 

. 67 i v1»jI y^>\ 

79 ... 76 <8 :(v!Jl-) 

.113 <111 <39 

- J- 

108 : ^ 

.127 

.82 

147 
*32 ■ 

• 10 

-r- 

.28 ! ij o^-Jjl-4 

<66 <59 ... 50 <41 <36 :J_ _bl . 

♦ 

• • • • 1 63 
.45 :^Ui* 
.11 :^l2L.Vl jAic* 
<83 <82 <55 <41 <21 <20 <18 : 

m 

.160 

.30 :\i±» 
♦ 

.168 <99 <38 <36 :5JUfcII <U y 

.29 : JLpU* 
.101 ... 99 <87 :QjJ> 
<156 <114 <108 <17 <15 <10 JL^ 


<158 <112 <69 <31 1 ol-.w-wxJI 

....179 <178 <165 
.156 :^lilVl JLu 
. 156 :oLodl Jii 
.86 <84 :^jJl yi 
A34 :^l^5 

... 131 <82 ,69 <31 <29 <24 

....139 <137 
.132 idjijJ 

.128 : 0-^1 -JrJ 

.128 :(P.K.V) IjjjX 

- 6 - 

.22 n,ii 
- J - 

.95 :£jlS 

.90 <89 :^IS 
• 

.109 ... 107 

.179 <170 : Jj*lS 
.151 <146 <145 <17 : Ij^jA IJ 
<32 l jS . j) 

.148 <36 <35 <33 

... 22 <18 <16 ... 10 •jj— S’ 

<45 <39 ... 35 <32 <30 <29 <24 
,86 <83 <81 <72 <66 ,61 <60 <49 
<125 <116 ... 114 <112 ... 104 

....139 
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.110 « 105 ,103 ^ 

•33 :jUSy 

<67 ,40 ,34 ,25 ,24 ,21 ,18 ,8 
... 136 ,126 ,90 ,82 ... 80 ,76 ,70 ,69 

.173 ’ O— 


- A - 


21 

.112 ,72 ,62 ... 59 ,52 ,18 

,24 : i.I ^ 
.136 ,134 


...181 ,138 ,133 HI ll* 

.9 

.60 : 


148 ,136 ,35 ,32 :dj~* 
.91 ,84 ! 

.68 . jLj 


- 3 ~ 

7 [ (j 

.140 ,101 ,67 ,65 lj 
.90 ,89 l JUo SJL?-j 
.156 

• 10 

.27 ,24 ,10 ! o jmJLj 

- J - 
•* 

.149 ,24 iJ-ljjj 


.163 ,159 ,158 

.123 <96 ,86 ,68 jL Jx* 

.... 116 ,82 ,22 l 

.176 ,162 : J>x 

* 

24 

• 12 : 

,82 ,81 ,65 ,31 ,24 :L^£Jl 

.140 ,^32 
.96 :i*U, 


.52 ,45 ,41 ,9 
.116 ,113 ,111 

«» 

108 : « *1 j-* 

.58 ,15 
.133 ,112 ,24 
105 ,99 ,93 ,58 ,57 : ( o^ 
.96 : JL^kJl J$y 


.89 :*yj* 


.162 ,39 ,35 ,34 Ijlifcy 
.151 ,142 ,79 ,59 ,40 

.66 jiujj 


.142 

.63 





w 

- u - 

70 ! 

.134 ,133 ,128 :JJU 

,87 ... 85 ,80 ... 78 ,74 ,73 : I 

.95 ... 93 ,91 ... 89 
...172 ,159 ,157 ,127 ,11 ,10 : Silo? 
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-i- 

pJUaJ! (j* eJb»-lj tSy*l <!>- j\ Sl^J : monoploid lobjj^j^SCJI ^jUI 

*iX 5 ^ 

{ j^>- pilk <y ^jZa il>^ ^jrr^ : Linkage iMjjl 

,C-jU ( J^JLj 

^Lw*S/l ojLtij 41s* !<* y* j i ol^~ «JI \ 4 m 3 ^LsX«*I 

. Purity of gametes 

* «.\j > 4 Jl *_jjL>«J jjj L < i>. »j L..*<i ^15*S/I j-fc \ U j . i SLJl ^ja ‘. jS 

,ylj\AjjjAjj5 i^jjl ^Sy* tSy^ ^ 4 vbj^ 

..5 JL>l> ^Zj jJ (.j^j) jA~~t tj y* : Exon : OjjS'l 

^aL-; tfjjjAj^l y : Centromere \<r£ y <>/ '.<>'/ y fl 

.ia^Jl *tJI J^JI J 

m «• 

ijj < o*JLL»JI ^ . . ) I ^ r ^1 

.(^L-jju>S/l .j) U-i>- 

olx>»Jl JJL^U l iij <Xlij Oj-^j 4 <ipli j-y t L^o oL*jUj '. intron 

O^JL* l> j~* jjbJl «—il-*-^l % jZs> ; ^ 10 8 \ angstrom A « ^ j y^ .m il 

.yj\ y *y- 

.(Jx* .j) <y* V'y+’y* Cr* Jj* Segregation JUoiil 

jjk j) (_pi y\ ol^j! cijjl jJ : independaut assortmeut : Jx — » JLoaJ! 

• (yjjyj J J^LjjSM cJLiiS^l _l*j ^*>w> j-p 
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^jJl oU j j jjt j iJiP #jl*j 4 ^ jJL>- ^L-J5jl : melose ^L— 2J| 

.(iJual*) t—Asrt.'Jl 

oLjIJLi y jj-oaj liJjLiw J : operon • 

,Ja»w t ^~>J L Ja-I^ ' operator \jy\j£$ 

.ULw^- jl ^ j jjAjjS \ autosome 

.i\ ^J! U^Ai>- oli *Lp-1 : <_£ ^J! oLS-Sp- . j : eucaryotes jt 


.aijjJi <alV^ jS olS ilp- oLilS 1 : procaryotes »IjL5I«L 

.kJtAJJl <c-jy i-U* : protoplast :c— 

cij-Jlj ^jJUJl ji— pJl Lj-JI SiLJl y ikZ : protoplasm 

•UojC'I Jt L*j 

UjJI <U~>- iiwipUiJl t-i-U y pilkil y g y : provirus '.yjyjy 

. <-l>«Jt LjJ ^J»o JUu <yj jJ j jj <*S” ^ j_£ JUl 

5^ JSLi JU t V^ J 

. oi ijJSfi 

a\j>- y l_JUj (_5j^ * blastula |I*jjL>- 

y tL^iSUl ^ 'minichromosome :plasmide : 

.J-51j^Jl j^»b> Jl JL>-I 

• iaooll ^ nui>Ji i a-<*j t ^la — » ■ iJ^Aj 

O^-^ 1 £-" * polyzome 

•J-r* U J J1 fO^ : polymeraze :j\j~+3y. 


iia— .I jj J-saj^j (oLpJI y> JiLjJl y £jJ : transduction 
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y Ujj ^ c}**. 

.(ijji>-) 

. <Jln%Jl olJb^Jl ^ja C ^IsJ 

*Lil uJUu : crossing - over luJUu* :JjLj :jjl>J 

a_^> y}\ LI-* $ U - flL/u ll c— A-C- 1 1 ♦ ^ T\j-^>- ^j.2> • j JjLJj 1 l «. ^ «L/j; llj 

,oJL»-L>- oU?^\li»“V 

^ >■ JJ»b t, f Ul y i-3b il y fj ^ a ~£ jl l yxi : vacuole : 

. <JUJl 

m 

. <SjiUJl» L^SUl JLp ot^>Jl J^Llj t UjJl JJKi: : transformation :Jj»iJ 
4-ojltj oli ilyyiA L>*}L>- ^1 L*}UJl J y*J> : differentiation :jiAj 

m 


oUjLj y 


.LUJI ^1 — Z\ : mitose :\jlSu 
is- :T JJLiJl j\ :transposon 

* jlj ,j.y. -ul jlll * La I j i 1 1 n , s >\ y jy» 


-Sy^ urT : transgene 

,<L>0 lb y JjUM <— jl £y ‘ i ^yy~ Jl^j 

j*\y}\ y J-J— ; Jl Ljjl <JL-J Ji y^ 

b-Ui* ol>- iJU- : pleiotropy : LxU7 
JlJ :reptication iwteLaJ 

y i ^ _ jJLp>- -til y : Clonage : Cloning : 4j jlS" : . .. :: ■■»! : J..- :Y 
.« ^SJuJl ULiJli (jjJ i ojttlj 

u* r- 5 : translation :j£3 

•J^-*- 4 j* y-\ 


• 0“^' */&>*■ <>r^ Ori £J l >‘ • hybridation 
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A 


,(2 n) *dipl°>dc \ o b » : . A) l ^IUj 

.ILoJca cJ ^ 41a u ^> r JS' oli : dioique 

,y*U y ^ ji jjl ob oUL : dicot :^UII i-5h‘ 



Ijla i^JUJl *Lac-I ^ <k£ : cytoplasme :^JU» p— >- 

JU^V yjjyj^ j-* 1 * : £ ene Or?’ 



jl j ji to*>UUiil Jrf— Jj JLpL-J aJL^-S - ol* : catalyscur :^il>- 

.JpUJ 


<JUp iaJLJ ojji oU-ibJ : enhancer :^>l>- 


SjLaaJI y >1— <1 ’. {jjy ynl>- 

* «• • 

.<.^>Jl l^UJl iijUJl yj! yjJT L^U- : germinate b>>- 

iyill^ c^yJLJLJl <~-j i/ J^ 0 - 4 y 0^ : heterozygote :JaJL>- 

,|^>wA y Vlj JjL- LaJkJL^-l 

^IJLUj iy- y'IS' <]b- :hermaphroditisme :*~>> 


- 4 - 

.^1,663 x 10' 24 (j! y>-jjJLfJl Sji Ojj Idalton 
ciVl y» twAjLij t I ^j'jI^a * D.N.A ’l.(j.i 

.yjy jly OhJx^. *ij4>** yLSl : dictyosomc 
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- J - 

} j£, Ja^* \jy~jj 

J^J ^T- j L$fj lTJjJ o'Js? : retrovirus : ^ j j-Jjjj 

.oL’Ul J J&j VjjdoU*- (wilij* 

oL*j~i> JJ-C- i Sl^iil a>-1j!ji i {SjjJ • R»N.A ll.^.j 

J_p J^-I^’j i^^UJl \j¥^ : ribosome : {jjjr!J 

.y^laJi i5wJl ol >1 


- J - 


(j^- 


HyL* jL^Vjl ^tJLI j <jJL?- * OlJj J L* J 

2 n iJL*Jl 


ij I dominant IAjL* 

L ^-iSsJlS^ JUJI oULJl Ale- ^l£dJ aJL>J| SA-^-j oL11>- * * spores t 

.oL jhjdlj <wJl>JaJlj oL»> j— Jlj 


k . *>* ll Ijjj *i ■ 1 j i 4^>Jl 4 -Jl>v 1I sl^-t i_» j jj . centrosome . jA . / ~ ‘ *‘‘‘ * 

. oli AJ jC- «^Ia^S/I 

X£j*^\.j : centromere jUjjSA- 

m ^ j . 

Jl £ ja J>J X^s>- rcentriole 0y.jz~* 

l jA AjAaJI /»-> ^A^ .t.^.3 1 ^jA aIiS* .syncytium • ■ 

.(S^ -j : cytoplasme 
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A 


, ...■»■ It .Uil tS j4=>“ Jr'' • reticulum endoplasmique : i£_J. 

.ilyJl 3U JiJ ^yujl 

■Veil .u;t .'chromatide r^J-i 





: chromosome : Lf i r *» 



. jl yLill ap : genome |*jU» 

a* ^T^-J ^ ‘mutation 

.olxyJl J— L*j ,y 

- t - 

( jjL«L>J!j j^jUj ^XJ t SjU SlyJf ^jJ JjL- .‘ijjjj SjLap 

.UJjJI ;l yJl 

-e- 

Cj^J .la,~*x^Jl ( *^p <— LixJl ^y^iAj *LJLp I ji***) ^j+..,*'^Kj v_j^Ajp 

.L^UJl U, 

jjJLJJLJl SjL* t _ r LSLj* I cellulosique l^JjJLJLL- o^Lp 

.yui 

.y^JL ^£S1 jl # Jj>-!j <aJs ^ flJLp l jl»- t«j^p 

j*— ->^1 ^ #1^1 *L?J^ 

•SlyJl y tL^UJl iilS” ^y Jj>-lyj -Golgi :(jl$>-) 
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: gonosome 

ol^JL ^UJi 


- u3 - 

*1 ijr^ 1 -J : phage :^li 

. ^ (n) iJjJl viJUUj : haploid e :oLi~*<aJI 

^ i v- ^ Cj*S 

.UJl j* -b-lj nsy>r Cr* ^1 iSj ^ oL-j^JJl 

**■ : virion \'oy.j* 

- J - 

* 

>L y->J! I ^Js- UL- J>$ Ajy* : silencer Intis' 

•ijyjj Jl ij-jjjA I : capsid :JL r -jlS' 

4<jJLpLSJ| CjLIjJL^JLj jjjuj 4 4 4 jj^J oL» ‘. jS 

*Jb aSjV*jjjAj^ 

<J 4-iJbj 4 U-UI nsy>r & \jy : fjj yj/ 

«- 5 ^ 4 Cr* if jA>JI ^LJgjVl ^jA ^Jj^\ il>- j^Ji 

J-^tl l ^ 1 ; JLjUJI <LJL>*Jl Ji-b^l j-*±- oU — >- :c— ^LjjjJLS' 

^pjLjj 4 jlpI ji ^-la a. 4 ) olJLjjjJl «JL~L» ujL*j^ i codon ♦ 

J~* j-Jl U^Jl ^ ( _^l (ol-bjJ J-J — j) y 4 

.code genetique a-JIj^JI ® ^AJJl anticodon £• ‘JS^j _ 


Ji J 


.0^, ^ JL»-l j3 \a\ Ml 4 j 4 &a ji ^ ‘.recessif 
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. jJxl . j ; allele : (Jr* 4 

* 

„Ly- jyu* I transgenique 

.oUjjyj^SsJl y 2 n iJLuJl JLLLw ! diploid e * oL<i..^a)l ^jzy* 
.JJllyJl y>- : oncogene :cancerigene \kkj~A 

n i-Uil (ijSit jl y— JL>-( y i*U- : <>Si : gamete : 

j\ 4-JuJl yj£i J >*VI ^-yJl y IfLLL. £* X>^3j oL*jj^ J-r 53l y 

. i— j! <JUjp 0jJ«jj3l 

. ip\l*JI Jl^>- y_j£j y jv-aL^j \ anticorps 

.^-jJl a~Up |»UjV oUuliJ <JLJL> l $y*i £ j* : attenuator :oJwaJ* 
. y-jUJI y>Ji ya3L<x»- ^J-wj I phenotype '. j$i* 

ji ^ Jl* t oJa4X>» : fuseau achromatique : yp V 

.iuidl J^l^. Jjl y 

,\jjj£L3\ £l j\ fjAA-x dJbL yjy : phage: bacteriophage : ^:U 


0^ -J :i *jy 


4j»xiJLJl v—JUj t(o yJi yyJU iJjjS j£Ji : morula :Vjjy 

*X>-jA 

olyJl ^Jb-L oULw yLi* y_>J yjJyj.^ £ j* \£y -~> * : locus 

•vW' 

.ieLJl jlf?- y jLa* j*— : antigene :j^ 1I J dy 

i 

.yj^UJl jj^jS/ 1 y <lUi : mitochondries itfjjjjfy-A 

.yjl y *y- OjJ-* y *y- jl f 10' 6 umicron iCjj^rSw* 

" L) " 

.yj^JJlj JLw^Utf L^UJl Jl oly- JiJ JjL-j :vecteur : JiU 
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.ju}\ {ja #j>- jLL. ja *j>- jl jj ^SLJ lL. = ^10' 9 : .^.0 
<0a— « ^ J-^y* s_rH if %jr> 5-Lup : transcription :£u-j 

£yj «>* ur'jjj'JjS J* o^tei cr* * alJ ^e : Jw* : jJa 

• JL>*lj 

lii^xJl i^j l3> Jlj * aster < 

if *jti\ ^1 <r^Jl A-lJl : genotype : ^Ijj :<i- 

* • 

jllp o^jUJL * — oJLv^a tiJjJl Jj-b 4<jl> j*— ■>■ : noyau •*y 

.ajjjJI SjLa*JI 4^^J| oLiLIL*- 

.U^JL 4#lyil JMj itJjjZ Inucleole :aajj 

i *. j jQ 4_*jj jl e JLc-U ^ja l_aJLiJ <J L^>5 o jl>- j \ • jlj^J c nucleotide ! IJjjJ 

ty £• ‘UjJI ^*-1 ‘uiiyr - 

* * -* 

|jL>-l_J IXijj^ l j « * *— jWl _ j !>**a 4 •— j\jL>Af l (Li jJl 

X ^1 j\ LjJ) ^ja 


uwi <kZJ 
. \ 

*iy} 


•(urW -j) jt uri £->'y * hybride 

osU^I vV ^ C> c y^i ^ ^ : J^ 1 : homozygote 

. oJu>-lj e^~*J ^-JLliaX* 

.flj^Jl ^jlc- i oLI j^>Jlj oUUll ol*jj jaj jS ^ jl>-I^j l j^jjj : his ton * O y *~f 


Wj ■ - *yjy v'j^ lA* £*>* : marker : p—'j 

. Zjj jAA <aXj Ojj 4 lb jl t JjP'\ jji}\ {jA £jllj 
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yk JU*a 1933 aJI ja O 4 uia^l ^JUa ia^a 

Sf l&SJl dJlg-Ji Ja^j - 4 ^JUaLI 1 4 jlaI^JI (ja CiUftooil]) 

• if 

0 

tCjUJaLjlij fUAoSilj uUuJa]) <j*jJ 

. Laic (jjftjjVI P j AjamijII 
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.Aomu jiJI 

AoiaJI : AuIUil Aoaajj i jJI ^L-AVi <ja wJlIUj : L-iUill 

‘j jLlaj AajI jjfl AmwiAI^JI ^il ljUaxII j dLa j J ja j jll\ 

.AiljjJi fj* 
£U-ul^Vlj 

Aa^ u rt jj d jJmS AjLa ^ja jjli ujUSJI j jjlj LaS 
AajjaJI 4 aa 1 *JI ujL^UxuaaU jx ja £ jJL ^ 1 ) AiUaVlj t4ajL^*} 

. CiL jI^aII JJaiA <j-j$ij tS-JjIjII £il J ^L aII AaJ JJjj 
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